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THE TREATMENT OF PATIENTS with arterial injury has presented a par- 
ticularly difficult problem for the military surgeon. It became evident early 
in this war that ligation of the large arteries of the lower extremity resulted 
in a disappointingly high incidence of gangrene, and that the outlook in such 
cases was not as hopeful as had been anticipated. Predictions of extremity 
survival after arterial ligation based on experience with vascular surgery in 
civilian life cannot be applied to patients with vascular wounds in warfare. 
In civilian practice one is more frequently dealing with the treatment of 
vascular lesions of some duration, in which collateral circulation has been 
established to some extent, making ligation less hazardous. Elective arterial 
ligations cannot be compared with immediate ligations for severed arteries in 
extremities in which extensive soft-tissue and bone damage, with destruction 
of collateral vessels, is present. Furthermore, the beneficial effect on collateral 
circulation of measures directed toward promoting vasodilatation cannot be 
expected to pertain so effectively in these severe injuries. On the other hand, 
the difficulties in vascular surgery among battle casualties has been a stimulus 
for the application of all established methods of treatment and for the intro- 
duction of new procedures. The use of sulfonamides and penicillin in battle 
casualties today, resulting as it has in a low incidence of wound infection, has 
made possible attempts to save extremities deprived of their blood supply, 
which, in World War I, would have been considered for early amputation as a 
prophylaxis against gas gangrene. The surgeon working in the forward 
areas today, therefore, has had a larger proportion of patients with damaged 
arteries in which restoration or improvement of the existing circulation has 
been the paramount problem. 

In this communication we shall report our experiences in the management 
of 100 consecutive patients with arterial injuries of the extremities encountered 
in an Evacuation Hospital during an 11-month period in the campaign in 
Northern Europe. Only the major arteries will be considered: In the upper 
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extremity, the axillary and brachial arteries; in the lower extremity, the 
femoral and popliteal arteries. Earlier experience in the North African and 
Sicilian campaigns had shown us that a special study of these cases was indi- 
cated and special forms for recording pertinent data were instituted in the 
hospital. The results which we shall present are the immediate results given 
in terms of gross survival or death of some part of an extremity. All patients 
who left the hospital with viable extremities were classified as good results, 
Wherever there was evidence of impaired circulation or gangrene, the case 
was classified as a poor result, without qualification. We cannot report the 
late results in terms of.the extent of limb loss, since follow-up studies are not 
available at this time. The period of hospitalization for these patients varied 
irom one to 14 days and did not, as a rule, extend beyond the time required 
to determine the status of the extremity after surgery. As soon as adequate 
circulation was assured the patient was sent to the rear. If gangrene ensued, 
amputation was performed at once in the moist and gas-infected cases, but a 
line of demarcation was awaited in nontoxic patients, some of whom were 
sent to the rear unamputated after a period of seven to ten days of observation. 


DIAGNOSIS 


The diagnosis of arterial injury in extremities in most cases was not diffi- 
cult. Certainly, the diagnosis was easy for the surgeon in those patients with 
free arterial bleeding who were admitted to the hospital with a tourniquet in 
place. However, we have found in our hospital that one must be especially on 
the look-out for these injuries so that no time be lost in the preparation of 
these patients for surgery. Whenever the diagnosis was missed, it was usually 
the result of inadequate examination during periods when large numbers of 
casualties arrived at the same time. In echelons forward of the hospital 
greater emphasis could be placed profitably on diagnosis of vascular injuries 
and patients with these wounds should be sorted out there for direct evacua- 
tion to the hospital. Palpation of pulsations in the extremity with comparison 
between those in both limbs should be enough to make a tentative diagnosis; 
certainly, all suspicious cases could be gathered together in this manner. 

The presence, unilaterally, of a cold, pulseless extremity distal to a wound 
is an obvious indication of arterial injury. However, in two types of cases 
the diagnosis is less obvious. Badly shocked patients with no palpable periph- 
eral pulsations in any extremity must be reéxamined frequently for evidence 
of arterial injury as their condition improves. In addition, it is possible to 
have palpable distal pulsations in cases of small lacerations of arteries. The 
most easily overlooked cases are those in which the color and warmth of the 
extremity seem normal at the first cursory examination. A routine search 
for pulsations in both extremities prevents mistakes in diagnosis in the 
patient with a pulseless extremity of normal appearance. The Tycos sphyg- 
momanometer, used as an oscillometer, is helpful in detecting feeble pulsations. 
An additional sign of value in suspected vascular injuries is the presence of a 
firm swelling in the region of a small wound and particularly in the region 
of the popliteal space and of Scarpa’s triangle. Hematomas which are the 
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result of injury to a vein rarely cause arterial compression even in such a 
closed space as the popliteal fossa. In each case suspected of arterial injury 
a rough neurologic examination for sensation and motor function should be 
made if practicable. Injury of nerves is frequently associated with arterial 
damage since these two structures are in close anatomic association. In some 
cases arterial wounds may exist without being suspected by examination before 
operation. In those instances in which metallic foreign bodies appear to be 
lodged near major vessels in the roentgenograms, a careful exploration at 
débridement will sometimes detect small arterial lacerations. Routine palpa- 
tion for thrills and auscultation for bruits indicative of arteriovenous fistulae 
should be a part of every examination in wounds suspected of major vessel 
injury. It is rare, however, to find the classical signs of arterial aneurysm 
or arteriovenous fistula early after injury. In only one case in this group 
were the classical signs present. 


PREOPERATIVE TREATMENT 


It is especially important in vascular injuries to prepare the patient for 
operation as expeditiously as possible since time is such an important factor 
in saving extremities. The circulating volume of blood should be restored as 
completely as possible so that the extremity need not labor under the addi- 
tional handicap of blood with a decreased oxygen-carrying capacity. 

Plasma was used in the preoperative treatment in 52 of the 100 cases, 
and had been given for the most part at the Battalion Aid or Clearing Station 
prior to admission as a means of temporarily combating shock so that the 
patient could be transported to the hospital. In the preoperative and shock 
wards it was used in the treatment of patients in mild shock and those in 
whom there had been little loss of blood. 

Blood transfusions were begun immediately in the hospital. Many of 
these patients had lost upwards of two liters of blood and shock was fre- 
quently severe. Patients with vascular injuries were found to require much 
inore blood than the majority of other wounded. The best guides for shock 
therapy were the blood pressure values and the hematocrit readings. Not 
infrequently, because of severe shock, operation could not be performed at 
the optimum time and saving the extremity was secondary to saving life. 
This was especially true in patients with multiple wounds. Blood trans- 
fusions of 500 cc. to 3,000 cc. were given to 55 of the 100 patients. 

The urgent problem of active arterial hemorrhage in the preoperative 
period did not arise too frequently since the soft-tissues usually controlled 
external bleeding and hematoma formation resulted. When it did occur, it 
was usually the result of a rise in the patient’s blood pressure while he was 
being treated for shock with blood transfusions. If the bleeding vessel could 
not be visualized and controlled quickly, a blood pressure cuff tourniquet was 
applied. Tourniquets were ordinarily released every 10 to 15 minutes. In 
order to avoid the prolonged use of tourniquets, transfusions of blood were 
given under pressure and the patient brought to surgery as soon as possible. 
At times it was necessary to move the patient to the operating room while 
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he was in shock, and, under anesthesia, control the bleeding vessel, after 
which the major operation could be delayed until the optimum time. The use 
of tourniquets is sometimes unavoidable, especially during the period before 
the patient reaches the hospital. They are used, however, more frequently 
than necessary, and have been known to do a great deal of harm. Direct 
pressure dressings in the wound or the application of hemostats to vessels are 
much more efficient and desirable methods for controlling bleeding in the 
usual case. 

Oxygen was used routinely during the preoperative period in patients in 
shock in order to maintain the oxygen content of the arterial blood reaching 
the devitalized limb by collateral circulation at as high a value as possible. 

Sulfadiazine was administered by mouth in doses of one gram every four 
hours. All casualties had received their initial dose of four grams before 
reaching the hospital. Penicillin therapy was begun preoperatively, with an 
initial dose of 40,000 units given intramuscularly and it was continued in 
doses of 20,000 units every two hours. American soldiers were given one 
cubic centimeter of tetanus toxoid and prisoners-of-war 1,500 units of anti- 
tetanus serum, as a prophylaxis against tetanus. 


OPERATIVE TREATMENT 


Almost all operative procedures were undertaken under nitrous oxide- 
oxygen-ether anesthesia. At times anesthesia was induced with pentothal- 
sodium and maintained with inhalation anesthesia. If the operation was one 
of short duration, pentothal-sodium alone was used. 

Approach to the damaged artery was made through the extended existing 
wound wherever possible. Since débridement of the wound tract was of 
primary importance, an exposure adequate enough to reveal all parts of the 
wound tract was made. In an extremity that could be expected to have a 
deficient circulation, nothing was of greater importance than the removal of 
all foreign material and devitalized tissue which could act as a nidus for the 
development of infection. In the dissection of these wounds particular care 
was used to avoid damage to all vascular radicles which could provide col- 
lateral routes for circulation to the extremity. If an elective wound was neces- 
sary to provide an efficient approach to the injured vessel, the débridement 
of the wound or wounds was completed first and clean instruments were used 
for the elective approach. If active bleeding was present before operation or 
expected in the approach to the vessel, a proximal tourniquet was used. In 
wounds of the proximal portion of the superficial femoral artery, it was some- 
times necessary first to expose and control the common femoral artery. 
Rarely, the external and common iliac arteries were exposed and arterial 
tourniquets placed in order to avoid troublesome bleeding. 

The average time between wounding and surgery was 15.5 hours. The 
shortest time in this group of patients was four hours and the longest 51 
hours. In the following paragraphs we shall outline the various operative 
procedures employed and the indications used for each. 

In Table I the results of the various procedures employed for each of the 
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several arteries are tabulated in terms of good or poor results for extremity 
survival. 

Primary Amputations: In nine, or 9 per cent, of the total of 100 patients 
treated, primary amputation was necessary. All of these patients had wounds 
which were at least 16 hours old and which were extensive and complicated 
by the presence of a compound fracture. This group was not in the traumatic 
amputation classification. The major arteries were severed and thrombosed 
and no retrograde bleeding was present in the distal portion of the severed 
vessel. The portion of the extremity distal to the wound was cold and cyanotic, 
and in several cases early rigor had appeared. The decision to amputate was 
never made without consultation and if there was any question of the advisa- 
bility of amputation, it was delayed for 24 hours. If amputation was neces- 
sary, it was undertaken at the lowest level possible. 

Arteriorrhaphy: Repair of a lacerated artery was undertaken in five cases, 
or 5 per cent of the total. The femoral artery was repaired three times, 
the axillary once, and the brachial artery once. In the five patients in whom 
arteriorrhaphy was attempted the tissue damage was slight in three, and 
moderate in two. There were no associated long bone fractures and no 
arterial thrombosis existed. 

In two of the three patients with injury of the femoral artery, the extremity 
had a normal appearance before operation and the dorsalis pedis and posterior 
tibial pulsations were present. The arterial wounds were discovered unex- 
pectedly in the course of the débridement. The wounds extended through 
the intima and were one centimeter in length. With proximal and distal 
control of the vessels by means of soft rubber local tourniquets, suture was 
performed by coapting intima-to-intima with interrupted fine silk stitches, 
and reinforcing the latter with a row of sutures through the muscular coat. 
In both of these cases a good circulation was retained and the patients were 
transferred with distal pulsations present in warm extremities. In the third 
case involving the femoral artery the distal part of the extremity was cold and 
white, before operation, and no pulsations were palpable. The arterial wound 
involved the muscular layer only but the vessel was contused. The defect 
in the muscularis was repaired by interrupted fine silk sutures. Color, warmth 
and peripheral pulsations returned to the extremity after operation, and the 
patient was evacuated with a normal circulation in the extremity. 

The wound of the axillary artery which was repaired was discovered 
at operation in a patient whose arm had a normal appearance and a normal 
radial pulsation before operation. The arterial wound was 0.5 centimeter in 
length and involved the muscular coat only. Repair was made with inter- 
rupted silk sutures and no impairment of circulation resulted. 

The largest arterial wound repaired was a laceration of the brachial artery 
three centimeters in length. The patient’s hand was cool and cyanotic, before 
Gperation, and no radial pulsation was present. After surgery the color and 
temperature returned to normal but a radial pulse was not at any time 
palpable and thrombosis may have occurred at the site of the repair. 

Repair of a lacerated wound of an artery should be attempted in those 


165 








ROSE-HESS-WELCH Annals of Surgery 


February, 1946 


cases in which wounds of the extremity have only moderate tissue damage and 
in which the arterial wound is small and there is no marked circulatory de- 
ficiency. In these, approximation of the wound edges can be effected easily 
and quickly without prolonged interruption of the blood flow and without 
appreciable decrease in the size of the lumen by the repair. Repair of an 
extensive arterial wound often results in obliteration of the lumen and an 
arterial anastomosis is the better operation in such cases if an attempt at 
maintaining the arterial continuity is to be made. 

Ligation: Ligation of the injured artery was done in 70, or 70 per cent, 
of the total of 100 cases. While some of these 70 cases might have had an 


TABLE I 
RESULTS OF TREATMENT IN 100 PATIENTS WITH VASCULAR INJURIES 


Axillary Artery Brachial Artery FemoralArtery Popliteal Artery All Arteries 





r ~ ~ au oo = ~ * ——<$<—<————— 

Good Poor Good Poor Good Poor Good Poor Good Poor 

Treatment Result Result Result Result Result Result Result Result Result Result 
Primary amputation 0 1 0 4 0 1 0 3 0 9 
Arteriorrhaphy....: 1 0 1 0 3 0 0 0 5 0 
eS 3 2 24 11 3 14 3 10 33 37 

Nonsuture 

anastomosis...... 0 1 1 0 1 4 0 1 2 6 
Débridement only... 0 0 ; 1 1 1 1 4 0 6 2 
PSII 6 so aca. 4 4 27. ¥ 46 8 20 if 14 46 54 


attempted anastomosis, we were handicapped by the lack of material early in 
the campaign. In addition, it must be said that in busy periods with large 
numbers of casualties of serious nature there was insufficient time for per- 
forming long operations, the successful outcome of which was doubtful and 
the hazard considerable in the severely wounded. If the vessel was severed, 
the devitalized ends were excised and the proximal and distal ends were 
ligated doubly with chromic catgut sutures. If the vessel was not severed, 
the division was completed. Quadruple ligation was practiced as a rule, and 
the companion vein was similarly ligated and severed. In those arteries in 
which a small laceration had resulted in thrombosis of long-standing, the 
thrombosed section was excised and the ends were ligated. 

Early in the campaign the wounds were frosted with a mixture of sulfanil- 
amide and penicillin, but later this practice was discontinued. Elective wounds 
were closed in layers if the other wounds provided adequate drainage for 
the tract but the primary wounds were partially and loosely closed only when 
they had been well-extended. Loose vaselined strips were placed in the 
wound and covered with dry gauze dressings. The extremity was usually 
encased in a split-plaster encasement, whether or not a fracture was present. 

Of the 70 patients in whom arterial ligations were performed, 37 had 
gangrene of some portion of the extremity after operation, and 33 had a viable 
extremity. The results after ligation varied in the case of individual arteries 
and are listed in Table I. In subsequent paragraphs we shall discuss the 
significance of arterial ligations at different anatomic levels. 

Arterial Anastomosis: The anastomosis of severed arteries in war wounds 
with extensive damage to the collateral vessels would seem to be the only 
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method of saving some of these extremities. Suture anastomosis offers many 
difficulties under the best of conditions and in patients in whom extensive 
wounds have resulted in considerable damage to arteries the technical diffi- 
culties are increased by shortening and retraction of the vessels making ap- 
proximation of the cut ends impossible without great tension. After attempt- 
ing suture anastomosis of the popliteal artery, we abandoned the method as 
not practical in the usual type of case we encountered, and have concentrated 
our efforts on the nonsuture method of blood vessel anastomosis described 


TABLE II 
BLAKEMORE NONSUTURE ARTERIAL ANASTOMOSIS 


Time Wounded 


Case before Surgery Tissue Result in 

No. Artery in Hours Damage Heparinized Extremity 

1. Axillary (third part) 12 Moderate No Gangrene 

2. Brachial, proximal to bifurcation 4 Moderate No Viable arm 

3. Common femoral at bifurcation ae Moderate Yes Gangrene 

4, Superficial femoral | 4 Slight Yes Gangrene 

5. Superficial femoral sak, ; 9 Slight No Viable leg 

6. Superficial femoral 10 Moderate No Gangrene 

7. Superficial femoral 14 Severe No Gangrene 

8. Popliteal between the geniculates 10 Moderate No Died at operation 


by Blakemore, Lord and Stefko.1. During the Sicilian campaign two of these 
anastomoses were attempted upon patients with severed popliteal arteries 
not reported in this series. Both anastomoses were unsuccessful but we felt 
that the method was the best available and offered promise especially if cases 
were carefully selected and more experience gained in the technic. 

Briefly stated, nonsuture blood vessel anastomosis is accomplished by 
bridging the gap between the severed ends of the artery by using vitallium 
tubes which are lined with a section of vein, usually the great saphenous. 
The vitallium tubes are fitted into the arterial segments to be joined and tight 
junction is accomplished by ligature. Suturing is avoided and a continuous 
intimal lining for blood flow through the bridge is provided. Excellent de- 
scriptions of the method are given in the publications of Blakemore, et al.» 8 

We performed vitallium tube anastomosis in eight of the 100 patients in 
this group. The data on these patients is presented in Table II. The small 
number of cases in which an anastomosis was undertaken cannot be interpreted 
as an index of the possible application of arterial anastomosis to war wounds. 
We were limited in employing the method in a larger series for a number of 
reasons: First, we selected those in which we felt a reasonable chance for 
trial of the method could be obtained. Only one patient in whom there was 
severe tissue damage of an extremity was subjected to anastomosis and in none 
was there a compound fracture present. Patients who could be brought to 
operation as soon as possible after being wounded were taken. In Table II 
the time between wounding and operation is seen to be between four and 14 
hours, with an average of approximately nine hours. There were two 
patients operated upon within four hours—the most desirable time. Unfor- 
tunately, the time factor is an uncontrollable one. On the other hand, with 
the exception of one case (Patient No. 2), we performed no anastomoses on 
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brachial arteries since we felt that anastomosis of this vessel would not be a 
good test of the efficiency of the method. Results after brachial artery liga- 
tion are relatively good, collateral circulation in the arm is infinitely better 
than in the leg, and in the absence of oscillimetric studies and arteriography 
we believed there might be confusion in crediting the results obtained. Finally, 
we were limited in our supply of vitallium tubes and heparin until the latter 
part of the campaign. 

We found in most cases, and even in the presence of free retrograde bleed- 
ing from the severed distal end of the artery, that suction would remove a 
fair-sized thrombus. In two instances ureteral catheters were passed down 
the distal end of the artery and the vessel irrigated. Heparin was available 
for use in only two cases, and in these was administered by intravenous drip. 
In addition to heparinization of the patient, heparin was instilled directly into 
the artery after completion of the operation. 

Vitallium tube anastomoses were performed in five patients with femoral 
artery injury. In four of these the superficial femoral artery was injured and 
in one, an anastomosis was effected after ligation of the deep femoral branch 
for a wound at the bifurcation of the common femoral artery. The posterior 
tibial and dorsalis pedis pulsations were not present in any of these patients 
before operation. A satisfactory anastomosis was accomplished in each case 
and the distal arterial segment pulsated while the anastomosis was under 
direct observation but at no time were the posterior tibial and the dorsalis 
pedis pulsations detected postoperatively. In only one of the five cases was 
a viable extremity obtained (Patient No. 5). This patient had been wounded 
nine hours previously, and, on admission, his extremity was cool but not 
excessively cold, and pulsations were absent. After operation the leg became 
warm and pink, and remained so until evacuation. In a follow-up note from 
the patient five months after injury he stated that his leg was entirely normal 
and that he was walking on it without trouble. The condition of this patient’s 
leg before operation was such that we believe that collateral circulation may 
have placed a larger role than the anastomosis in saving the leg. 

Patient No. 4 seemed to us an ideal one for trial of the method. This 
patient had a small clean knife wound of the superficial femoral artery in 
Hunter’s canal. He was fully heparinized beginning at operation. After 
operation, the distal arterial segment presented a good pulsation. The final 
result, however, was gangrene of the lower leg requiring amputation at its 
midportion, 14 days after injury. 

One anastomosis on each of a popliteal, an axillary and a brachial artery 
was performed. The patient in whom the popliteal artery was anastomosed 
(Patient No. 8) died on the operating table after operation had been com- 
pleted upon being turned over on his back. Postmortem examination revealed 
a pulmonary artery embolus. In the case of the patient with a severed axillary 
artery (third portion), we had little hope of success since the forearm and 
hand were both extremely cold and slight mottling of the skin was already 
present. Amputation at midforearm was necessary ten days after operation. 
The one patient upon whom anastomosis of the brachial artery was done died 
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on the fourth day with anuria as a result of “crush” syndrome. He had been 
pinned under a vehicle for two and one-half hours. However, the hand and 
forearm were viable on the day of his death. Before operation no radial 
pulsation was present. Twenty-four hours postoperatively the radial pulse 
was palpable. In this case, however, the brachial artery had been severed just 
proximal to its bifurcation, a site at which ligation is usually quite safe. In 
fact, we have not infrequently noted that radial artery pulsations may become 
palpable 24 to 72 hours after ligation of the brachial artery. Postmortem 
examination showed that there was no thrombus in the anastomosis. Ex- 
cluding the patient who died at operation, there were seven cases in which 
the extremities were observed postoperatively. In five, gangrene resulted 
and amputation was necessary. In two, a viable extremity was obtained. In 
both of these latter cases, however, we believe that collateral circulation was 
better than in the other cases in which anastomosis was performed. The 
failures, on the other hand, cannot be attributed to the method since a suc- 
cessful anastomosis will certainly deliver blood to the distal arterial segment. 
We are of the opinion that thrombosis and spasm in the distal arterial tree 
are the greatest detriments to success. Nevertheless, we believe that the 
method of Blakemore has certain disadvantages, especially in field surgery. 
The operation requires over two and frequently three hours to perform > 
including the making of the vein graft bridge. We usually selected the great 
saphenous vein from the uninjured leg although femoral veins were used on 
two occasions. A careful débridement must be done and this is time-consum- 
ing. Early experience showed us that a smaller vitallium tube must be used 
than one would judge necessary or splitting of the intima of the artery will 
result on attempting to force a tube of desirable size into the arterial stump. 
The resulting diminution in the lumen at the anastomotic site is, in itself, not 
considered to be important since diminution in diameter has been shown 
experimentally to be compensated for by an increased rate of blood flow.* The 
segment of vein between the two vitallium tubes, however, is thin-walled and 
expands considerably, resulting in what might be compared to a fusiform 
aneurysm. It is our impression that arterial pressure is reduced in passing 
through the vein graft. This impression is corroborated by the appearance 
of the stream of blood which emerges from the distal end of the bridge, and 
by the fact that the pulsation in the distal segment of the artery is weaker than 
in the proximal segment after completion of the anastomosis. <A rigid tube 
of metal or plastic material might overcome this objectionable feature, although 
we have not used such tubes. 

Conservative Treatment: A total of eight patients with vascular injuries 
were treated conservatively, i.c., only débridement of the wound, or wounds, 
was performed (see Table I). 

In three cases arterial spasm was present. Two patients had spasm of 
the brachial artery exposed at operation. In one, there was a segment of 
the artery four centimeters long, proximal to the profunda branch of the 
brachial artery in spasm; in addition, a compound comminuted fracture of 
the humerus, radius and ulna were present. Perivascular infiltration with 
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procaine solution followed by perivascular sympathectomy failed to relieve the 
spasm. Postoperatively, cervical sympathetic block was performed, produc- 
ing Horner’s syndrome. The spasm was apparently not relieved and gas 
gangrene developed, requiring amputation on the third day. In the second 
patient, the brachial artery was in spasm below the profunda branch. The 
extremity was warm at all times but there was no palpable radial pulse. After 
operation the radial pulse became palpable following a cervical sympathetic 
block, and the patient was evacuated with a normal circulation in the extremity. 
The third instance of spasm was encountered in a patient with a shell frag- 
ment wound of the thigh in which the missile appeared, roentgenologically, to 
be lodged near the femoral artery. The foot was cold and white, pulsations 
were absent, and there was a fair-sized hematoma in the thigh. Paravertebral 
lumbar sympathetic ganglia block with procaine was done within four hours 
of injury after which the dorsalis pedis and posterior tibial pulsations became 
palpable. The patient was evacuated on the third day, with good circulation 
in the leg. It is possible that a small arterial laceration was present and that 
a false aneurysm or arteriovenous fistula may have later formed in the 
hematoma. 

The fourth patient in this group, in which débridement alone was done, 
presented with an arteriovenous fistula of the femoral vessels in Hunter’s 
canal. His leg and foot were warm and had good color but the peripheral pul- 
sations were absent. Since early operation for arteriovenous fistula is not 
in keeping with good practice, and the patient had a viable extremity, the 
fistula was not explored. There were multiple leg wounds present. On the 
fourth postoperative day crepitation was felt in the tissues of the leg and 
the patient developed toxemia. The foot became cold, and it was obvious 
that gas-forming organisms had jeopardized the circulation. Supracondylar 
amputation of the femur and excision of the fistula was done, and recovery 
followed. 

Four patients with perforating gunshot wounds of the popliteal space 
were treated conservatively. All showed essentially the same clinical picture 
throughout their stay in the hospital. On admission to the hospital, they were 
found to have tense hematomas and wounds of entrance and exit one centi- 
meter to one and a half centimeters in size, located so as to indicate that the 
wound tract passed through the deepest part of the popliteal space. In no 
case was there a fracture of the femur or tibia, and all patients were in good 
condition. ‘The extremities distal to the wound were warm and had good 
color in three patients and was cool and pale in the fourth. No dorsalis pedis 
or posterior tibial pulsations could be elicited in any of the patients. The 
skin wounds were débrided under local anesthesia. The patient with the cool 
foot had one lumbar sympathetic block which resulted in a warmer but still 
pulseless extremity that did not again become cool. No other treatment was 
instituted except the routine penicillin and sulfonamide therapy. The injured 
extremities of these four patients remained warm but pulseless during their 
hospital stay of seven days. Although the final examination of each patient 
revealed no sign of aneurysm or arteriovenous fistula, it is true that signs of 
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these lesions require time to develop and for this reason are infrequently 
diagnosed in the early period following wounding. 

While it must be admitted that in these four patients with wounds of 
the popliteal space there is not prima facie evidence of an arterial wound since 
the vessels were not exposed, it seems reasonable to suppose that the vessel 
had been lacerated or severed. If the condition were spasm only in segments 
of these arteries, it probably would have disappeared and distal pulsations 
would have reappeared in 24 hours, especially in the case which had the 
sympathetic block. We believe that adequate circulation already existed and, 
therefore, surgical interference could add little to the chance of survival of 
the extremity. 

We were led to practice this conservative method of treatment because of 
our experience with three similar cases in which the ligation of severed pop- 
liteal arteries resulted in an avascular extremity, in spite of preoperative evi- 
dence of adequate circulation. The reason for this occurrence of gangrene 
after ligation in a presumably viable leg is not clear. One might speculate 
that some blood reached the leg through the hematoma. The question of 
the ultimate fate of these extremities cannot be answered since follow-up 
studies are not yet complete. However, we felt justified in allowing the 
collateral circulation to develop even though an aneurysm or an arteriovenous 
fistula might develop at a later date. The only urgent indication for surgical 
exploration in wounds of this type is that of free bleeding. The principal 
danger of not performing the usual débridement is infection, and especially by 
gas-forming organisms. It is rather uncommon, however, for gas gangrene 
to develop from a perforating bullet wound in an extremity with an adequate 
circulation under drug therapy. These patients must be carefully observed 
at frequent intervals during the immediate postoperative period. Late opera- 
tion for aneurysm or arteriovenous fistula must be contemplated. 


POSTOPERATIVE TREATMENT 

Routinely, penicillin and sulfonamide therapy, initiated preoperatively, was 
continued. Transfusions of blood were administered as indicated by hematocrit 
studies. The injured extremity usually was placed below the level of the 
heart to promote venous stasis and maintain arterial circulation at its maximum 
efficiency. 

Alcohol, administered by mouth or intravenously, and papaverine sub- 
cutaneously were used in many cases, and a lowered temperature was main- 
tained in the extremity in a few patients by use of the small amount of ice 
available. All of these measures, however, were not appreciably effective. 

Block of the lumbar sympathetic ganglia with 2 per cent procaine injection 
was done 139 times in the 100 patients. In 25 of the 49 lower extremity 
cases a total of 132 blocks was performed. Cervical sympathetic block was 
done in five of 51 patients with upper extremity wounds. Two lumbar sym- 
pathetic ganglionectomies were done in patients with injury of the popliteal 
artery. The first block was usually done on the operating table at the close 
of the operation. This was followed-up with blocks done on the ward at 
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intervals of six to 12 hours. They were continued until the prognosis of 
the extremity was established. The question of the efficiency of each pro- 
cedure cannot well be answered. In an extremity in which the distal circula- 
tion was already much impaired, a complete interruption of the sympathetic 
nerve pathways might show little evidence of its effect. Subjective changes 
were sometimes mentioned by the patient when no objective signs were evident. 
Because of this lack of positive evidence, the establishment of an actual block 
in every case cannot be affirmed. In those cases in which circulation was not 
markedly impaired, and in which progress to avascularity had not gone too 
far, the proof of an actual block was less questionable. The type of case in 
which sympathetic block was most likely to be effective rapidly and to be of 
unquestioned value was that of an extremity in which the artery was in spasm. 
One block was sufficient to change a cold, white, pulseless extremity to a 
more normal state of circulation. Sometimes needles were left in place after 
the injection of the protaine and, when the success of the block was apparent, 
5 ec. of 95 per cent alcohol were injected into each needle. 

In the last phase of the campaign we planned to do lumbar sympathetic 
ganglionectomies on selected cases in whom no contraindication to an additional 
operation existed. Only two were done, both in patients with wounds of the 
popliteal artery. One developed gas gangrene in the extremity shortly after 
surgery and the other patient was transferred because of rapid movement of 
the hospital on the fifth day, with an avascular foot. Our experience with 
this procedure as an adjunct has been limited to these two cases, making it 
impossible for us to judge its value. 

We are unable to evaluate accurately the effect of the 139 sympathetic 
ganglion blocks on the extremity survival rate in this series of cases. One 
can hardly expect much of the procedure in the type of extensive injury of 
the extremity in which there is great damage to the collateral vessels as well 
as to the principal artery. There are simply an inadequate number of vessels 
remaining. In no case did this procedure appear to reverse the progress 
from an avascular state in patients with severed arteries. In almost all cases, 
the status of the circulation in the injured extremity was apparent at the end 
of the first 24 hours. In only two cases was it felt that blocking was an 
important factor in tipping the balance in favor of a good result. 


GAS GANGRENE 

Gas gangrene of the wound and of the extremity distal to the wound was 
diagnosed clinically in 12 of the 100 cases. Three were upper extremity 
wounds, with brachial artery injuries, and in nine the lower extremity was 
involved with injury of the femoral artery in five patients, and of the popliteal 
artery in four. The average age of the wounds at the time of operation in this 
group was 21.5 hours, the extremes being nine hours for the shortest period, 
and 48 hours for the longest. The degree of tissue damage was severe in ten 
wounds and moderate in two; and in 11 of the 12 cases compound fractures 
existed in the injured extremity. The diagnosis of gas gangrene infection 
was made, or suspected, in three patients at the time of the primary operation, 
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and amputation was performed in one case. In the remaining nine patients 
the infection was discovered at intervals of 12 hours to four days following 
operation. In four of these patients wide incision and excision of necrotic 
tissue was performed in an effort to save the extremity. One of these four 
patients died after operation, and the remaining three came to amputation 
at a later date. Of the total of 12 patients with gas gangrene developing in 
avascular extremities, 11 were subjected to amputation, and three patients 
died of the infection. 

The recognition of gas-forming organisms as a complication was one of 
the most important parts of the postoperative care. The split-plaster encase- 
ment was spread widely in order to allow complete inspection of the extremity 
and frequent palpation for the presence of crepitus, which was one of the 
earliest signs of gas infection onset. In the more virulent forms of infection 
a severe constitutional reaction might presage its presence, but this reaction 
seemed to be the exception rather than the rule. Gas gangrene in the avascular 
extremity seldom presents the severe symptoms and signs of primary infection. 
The routine administration of sulfadiazine and penicillin may, in addition, 
have lessened the severity of the constitutional signs. 


DEATHS 


Of the 100 patients in this series, six died in the hospital. We have no 
knowledge at this time of subsequent deaths among the group after evacuation 
to hospitals in the rear. Gas gangrene was the cause of death in three cases. 
One of these patients died a few hours after primary amputation of a lower 
extremity for an extensive infection. Another patient died four hours after 
wide incision and excision of necrotic tissue in a leg with a widespread infec- 
tive process. The third patient succumbed on the tenth day following a re- 
amputation in an effort to halt an anaerobic infection. A severe hemolytic 
blood transfusion reaction, with anuria, was the cause of death in the fourth 
patient. This soldier had received 2,000 cc. of blood prior to performing a 
celiotomy and ligation of the superficial femoral artery. Following a trans- 
fusion of 500 cc. of blood administered postoperatively, he had a severe re- 
action and developed renal suppression, the result of hemoglobinuric nephrosis. 
Death occurred on the fourth postoperative day. The fifth patient sustained 
a severe crushing injury of the pelvis and right lower extremity, with dis- 
location of the right hip joint. In addition, a lacerated wound’of the left arm 
had severed the brachial artery. As a result of the extensive crush injury, he 
developed a complete anuria and died on the fourth day after operation. The 
sixth death occurred from massive pulmonary embolism. 

Discussion.—From the data presented in Table I it is evident that the 
prognosis for survival of extremities in which major arteries are injured is 
not a good one. Subjecting the data to further analysis, we have studied the 
results as influenced by five important factors: (1) Time factor, 1.e., the in- 
terval between wounding and surgery ; (2) type of arterial wound ; (3) degree 
of tissue damage; (4) anatomic location of the arterial wound; and (5) 
influence of treatment. 
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(1) Time Factor: In Table III we have recorded the results as good or 
poor for extremity survival in relation to the time-interval between wounding 
and operation. It is obvious that those patients in whom definitive treatment 
could be instituted early (one to ten hours after wounding), had the best 
prognosis for survival of the extremity. There are, however, a number of 


TABLE III 


TIME FACTOR IN VASCULAR INJURY PROGNOSIS 


Time-interval between No. of Good Poor 
Wounding and Surgery Cases Result Result 
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TABLE IV 


INFLUENCE OF TYPE OF ARTERIAL INJURY ON PROGNOSIS 


No. of Good Poor 
Type of Arterial Wound Cases Result Result 
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circumstances which prevent early operation after the patient enters the 
hospital in addition to the unavoidable evacuation time from the field. Chief 
among these is the presence of severe shock from loss of blood. Obviously, it 
‘is better judgment first to consider saving the patient’s life rather than his 
extremity when too early operation would be a great hazard. In addition, 
delays were unavoidable when a large number of high priority cases were 
admitted to the hospital within a short period of time. Ideally, the length of 
time between being wounded and operation should be reduced. This series 
represents a consecutive number of patients in which all the factors of evacua- 
tion surgery problems, from the finding of the patient on the field to preparing 
him to withstand operation, were present. 

(2) Type of Arterial Wound: In Table IV the results in relation to the 
type of arterial wound are recorded. An accompanying wound of the vein 
in these early cases is not ordinarily significant from the standpoint of circu- 
lation. Arterial wounds have been classified as severed when the ends were 
completely separated. There were 68 in this group. Lacerated wounds were 
those in which any part of the circumference remained intact, preventing sep- 
aration, and in this series there were 17. Incomplete laceration, of which there 
were three examples, was considered to be a wound which did not involve 
the intima. When a small laceration had extended through the intima, and 
thrombosis had occurred both proximally and distally, the fourth category 
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was used. There were five cases of thrombosis. The type of injury was not 
determined in five cases which were not explored and arterial damage was 
inferred from the physical signs. In two cases of arterial spasm the arteries 
were visualized but no wound was discovered in them. 

In Table IV it can be seen that, in general, the more severe arterial wounds 
resulted in a higher incidence of gangrene. Severed arteries resulted in 43 
poor results out of a total of 68 cases. When the arteries were lacerated 
seven out of 17 resulted in loss of some part of the extremity. The degree of 
arterial damage was closely related to the tissue damage to the extremity. 

(3) Degree of Tissue Damage: The effect of the severity of the wound 
on the circulation can be considered important from two aspects: First, be- 
cause of the actual destruction of important radicles of the collateral anasto- 
motic system; and, second, because of the systemic effect of shock and 
loss of blood. 

The data listed in Table V indicates that the more extensive the tissue 
damage in the extremity, the poorer is the prognosis. In only nine of the 46 


TABLE V 


INFLUENCE OF DEGREE OF TISSUE DAMAGE ON VASCULAR INJURY PROGNOSIS 


No. of Good Poor 

Degree of Tissue Damage Cases Result Result 
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good results was there severe tissue damage, while 33 of the 54 poor results 
showed a severe degree of tissue damage. In addition, in only 11, or 24 per 
cent, of the 46 good results was a compound fracture present, while 34, or 
63 per cent, of the 54 poor results had coexisting fractures. 

Other wounds of the same extremity distal to the arterial injury were 
present in two cases in which the extremities survived and in eight in which 
gangrene ensued. 

The type of causative missile was recorded in each case as due to gunshot, 
shell fragment or knife. Shell fragment wounds include those from every 
type of explosive missile, i.e., grenade, mine, aerial bomb, rocket and artillery 
shell. Two cases of knife wounds were treated, but there were no bayonet 
wounds. Sixty-four of the 100 wounds were caused by shell fragments and 
34 by small arms missiles. Forty-six wounds were penetrating and 54 per- 
forating in type. Neither the type of wound or the causative missile appeared 
to influence the result. The extent of damage to the tissues only was 
significant. 

(4) Anatomic Location of the Arterial Wound: The clinical significance 
of the anatomic location of the arterial wound is related to collateral circulation, 
and for this reason a true picture of the significance of arterial severance at 
specific sites would require well-controlled experimental conditions. Since 
the time factor, degree of tissue damage, amount of blood loss, and degree of 
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destruction of collateral vessels are such variable factors in this study we 
can only arrive at the approximate significance of the anatomic site of the 
arterial wound. Therefore, the following figures, affected as they are by 
other variables, do not represent the incidence of gangrene after ligation alone. 

In Table I it is obvious that wounds of the axillary and brachial arteries 
have a much better prognosis for survival of the extremities than wounds 
of the femoral and popliteal vessels. Twenty-seven of the extremities with 
brachial artery injury out of a total of 43 survived (63 per cent of the total). 
Of eight cases with axillary artery, injury there were four extremities which 
survived (50 per cent of the total). On the other hand, only eight (29 per 
cent) of a total of 28 cases of injury of the femoral artery had an adequate 
circulation when they were transferred. Of 21 extremities with damaged 
popliteal arteries, seven (33 per cent) survived. 

In order to arrive at some estimation of the comparative differences 
between arteries, insofar as the seriousness of injury to each of them is con- 
cerned, a study of those cases in which ligation was done gives the fairest 
picture. In Table I these figures are given. Ligation of the brachial artery 
resulted in the lowest incidence of gangrene and only 31 per cent of cases 
lost part of their extremity. Ligation of the axillary artery resulted in 
gangrene in 40 per cent of the cases. In the lower extremity, ligation of the 
popliteal artery resulted in gangrene of some portion of the leg in 77 per cent 
of cases, a slightly better figure than that obtained for ligations of the femoral 
artery (82 per cent). 

The anatomic position of the wound in each artery was studied with a 
view to determining its significance in relation to the major collateral branches. 
In Table VI these results are listed. 

Axillary Artery: In only four cases was the exact site of the axillary artery 
wound recorded. It was recorded as the third part of the artery in three 
cases, and all of these developed gangrene. The fourth patient in whom the 
site was recorded had a wound of the second part of the artery, and the ex- 
tremity survived. No conclusions can be drawn from such a small number of 
cases other than the fact that in one-half of these patients gangrene of some 
part of the extremity ensued. 

Brachial Artery: In injuries of the brachial artery it was possible to 
record the location of the wound in relation to the profunda branch but not 
in relation to the superior and inferior ulnar collateral branches. The latter 
two branches are small and it was not desirable to dissect them out for identifi- 
cation as a routine measure. The relation may be only inferred by the arbi- 
trary division into proximal, middle and distal thirds of the portion of the 
brachial artery distal to the origin of the profunda branch. Wounds of the 
middle one-third probably did not involve either ulnar collateral artery. 
Wounds of the brachial artery appear to be most significant at one location— 
the origin of the profunda branch. The arterial wound involved both the 
brachial artery and the profunda branch in four patients, and only one arm 
survived. In two patients wounds destroyed the brachial artery and the 
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proximal portions of the radial and ulnar arteries, and gangrene ensued in 
both cases. In both of these extensive tissue damage was present, and in one 
a primary amputation was performed. In the other, the wound was so ex- 
tensive that little hope was held for its survival. 

Femoral Artery: From Table VI it can be seen that gangrene resulted in 
all wounds of the common femoral artery, and also in two cases in which the 


TABLE VI 


INFLUENCE OF ANATOMIC LOCATION OF ARTERIAL WOUND ON PROGNOSIS 


No. of Good Poor 
Anatomic Location of the Arterial Wound Cases Results Results 
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3. Femoral artery: 
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common femoral and the profunda branch were involved. However, the line 
of demarcation in three of the common femoral cases was observed to be at 
or below the ankle while the level of gangrene in extremities with superficial 
femoral artery injuries was usually half way between knee and ankle. The 
survival of eight extremities out of a total of 21 with wounds of the super- 
ficial femoral artery indicates the importance of the profunda branch in main- 
taining collateral circulation. Holman® has stated that the blind segment of 
an artery between the site of ligation and the proximal major collateral branch 
acts detrimentally to the establishment of collateral circulation through that 
major branch. In our series the location of the wound in the superficial 
femoral artery was divided arbitrarily into proximal and distal halves with 
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the idea of determining the influence of this factor. In this series there were 
three (33 per cent) survivals in a total of nine wounds of the proximal half 
of the superficial femoral artery, and five viable extremities (42 per cent), 
resulting from a total of 12 wounds of the distal half of the artery. We would 
point out again, however, that the type of case with which we have experience 
has a number of complicating factors, because of the injury which make 
observations of this nature less reliable than in the case of elective operations 
for aneurysm and arteriovenous fistula. 

Popliteal Artery: From Table VI it can be seen that in the seven cases in 
which either the superior or inferior geniculate branches of the popliteal artery 
were involved with the popliteal artery, gangrene ensued. Wounds of the 
midportion of the artery in which the geniculate branches were spared resulted 
in a survival of three extremities of a total of four. The four cases in which 
the wound was not explored might be added inferentially to the group with- 
out geniculate damage. 

(5) Influence of Treatment: The principal accomplishment in these pa- 
tients with major artery injury has been the saving of life by prompt and 
adequate treatment of shock and the prevention of serious infection by débride- 
ment. Gas gangrene either developed, or was present, in 12 of these avascular 
extremities, and three patients died from the infection. This complication was 
seen largely in patients received late in the hospital, and in those with multiple 
wounds of the extremity. 

Arteriorrhaphy was useful in only a relatively few cases, since its appli- 
cation is limited by the extent of the wound. 

Ligation of the artery with its companion vein, prevented secondary 
hemorrhage, of course, but contributed nothing to the survival of the extremity. 

While lumbar sympathetic ganglion block with procaine had no appreciable 
effect in the majority of patients with severed arteries, it was of value in arterial 
spasm and should always be a part of treatment. 

The results of the Blakemore nonsuture method of blood vessel anastomosis 
were disappointing, and, although the method has disadvantages which we 
have pointed out, the poor results may be attributed more properly to the lack 
of patency of the arterial system distal to the anastomosis. 

The conservative management of arterial injuries employed in four patients 
with popliteal space hematomas cannot be recommended for wide application 
since the considerable hazard of gas-forming organisms is ever present. 
We have defined the narrow limits of application in our own series. It should 
never be employed for the avascular, cold extremity. We justified its use in 
four selected cases of clean, perforating bullet wounds of the popliteal space, 
with viable extremities, after having the experience of observing three similar 
cases result in gangrene after quadruple popliteal vessel ligation. 


SUMMARY 


Loss of some portion of the extremity by gangrene after arterial ligation 
had the following incidence, at our level of observation in the Forward Areas, 
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in the arteries studied ; axillary, 40 per cent ; brachial, 31 per cent; femoral, 82 

per cent ; popliteal, 77 per cent; all arteries combined, 53 per cent. 

For all types of arterial injuries, variously treated, the incidence of result- 
ing impairment of circulation with loss of some portion of the extremity was 
as follows: Axillary artery, 50 per cent; brachial artery, 37 per cent; femoral 
artery, 71 per cent; popliteal artery, 67 per cent. 

The prognosis for extremity survival in relation to the time factor, arterial 
wound, extremity wound, anatomic site of arterial injury, and treatment have 
been discussed. 

Six deaths occurred among the 100 patients with injuries of major arteries 
in the Evacuation Hospital. Infection with gas-forming organisms resulted in 
12 patients, of whom three died, accounting for one-half of the deaths in 
the series. 
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PENETRATING HEAD WOUNDS 
EXPERIENCES FROM THE ITALIAN CAMPAIGN 
Masor Ratpu A. Munstow, M.C., A.U.S. 


DuRING THE PAST YEAR Of the Italian campaign 140 penetrating wounds 
of the head, upon whom craniotomy had been performed, were cared for in 
an Evacuation Hospital. This series of consecutive cases, though essentially 
similar in their pathology, may roughly be divided into three groups relative 
of the tactical situation during which they were treated. 

Within the period of the Anzio beachhead 53 cases were seen, and all 
within 24 hours of their injury. Because of the size of the beachhead, dis- 
tance from the lines to the Evacuation Hospital was short. The patients 
were all soldiers, and for tactical reasons were evacuated as soon as possible. 
Chemotherapy consisted entirely of the sulfa drugs. 

As the front moved up in Italy from the Garigliano River toward the 
Gothic Line a second group of 45 cases was treated. The Evacuation Hos- 
pital was then well out of range of shell fire and cases reached the hospital 
somewhat more slowly. There were seven injured civilians in this group. 
During the latter half of this period penicillin became available for all cases. 

The last group of 42 cases was treated when the hospital was situated near 
the lines but out of range of shell fire. These cases were seen comparatively 
early and, as with the second group, the tactical situation did not necessitate 
their evacuation until it was deemed they were well able to travel—in contra- 
distinction to the cases at Anzio. In this last group penicillin as a chemo- 
therapeutic agent was used exclusively. The group was composed entirely of 
soldiers injured in penetrating and pushing on through the Gothic Line. 

An analysis of these three groups forms the subject of this report. 

I. Source of Casualties: Ninety per cent of all injuries were caused by 
shell fragments. The large preponderance of these was the result of artillery 
or mortar fire while a few resulted from fragments of antipersonnel bombs, 
mines and booby traps. Five per cent of ali casualties were gunshot wounds 
(rifle, machine gun, or pistol). The remaining 5 per cent were attributed to 
injuries sustained in jeep accidents, falls, a knife wound and the recoil of a 
breech block. 

With the exception of the civilians the age of the patients varied from 
18 to 38 years, the mean falling at 24 years. The ages of the civilians ranged 
from 34 to 56 years. 

II. Evacuation Time: Table I is included to show the time-interval be- 
tween injury and surgery. The average time from wounding to surgery was 
14 hours at the Anzio beachhead, while 31 hours was the average elapsed time 
for cases during the Garigliano-Gothic Line phase. If one excluded two 
cases received eight and 13 days after injury the average in this group is 
reduced to 21 hours. 

180 





me ™ — DH 





Na orc So ore 


= 


TTI 


p 





Volume 123 PENETRATING HEAD WOUNDS 


Number 2 

III. Preoperative Findings: The anatomic location of the various wounds 
is illustrated in Figure 1. 

The most common type of scalp wound seen was a jagged laceration, 
varying in length from I cm. to 12 cm. Almost as frequent were puncture 
wounds. Occasionally a “through-and-through” injury was encountered in 
which the more massive damage always occurred at the site of the exit. 


‘RIGHT 
TOTAL 44% 





LEFT 
TOTAL 56% 





Fic. 1.—Showing the anatomic location of the various wounds. 


The exact figure concerning the number of men wounded while wearing 
their protective helmet is not available. This is partly due to retrograde 
amnesia caused by the injury and to the fact that the helmet, although worn, 
was occasionally blown off the head by the shell blast. About half the men 
claimed to have been wearing their helmets when they were wounded. 

Twelve per cent of the patients were admitted in shock. In two-thirds, 
shock was attributed directly to the head wound while in the other one-third 
shock was due to associated injuries, particularly of the long bones. Thirty-six 
per cent of the patients had associated injuries of varying degrees of severity. 

Seventy-eight per cent of the patients were conscious at the time of exam- 
ination. Monoplegia or hemiplegia was found in 20 per cent of all cases, 
while hemiparesis was noted in 8 per cent. Aphasia was present in II per cent 
of the cases, and 4 per cent had homonomous hemianopsia. More significant 
was the presence of a decerebrate type of rigidity in 4 per cent of the patients, 
all of whom died. Half of the 6 per cent of patients incontinent on admission 
expired. Though the Babinski sign was found in 17 per cent of the cases it 
seemed to have little prognostic significance. 

Almost half of all of these head injuries (43 per cent) had some degree 
of brain tissue herniating through the wound. Brain hernia was seen only 
one-fifth as often in puncture wounds as in all other types. Twenty-three 
per cent of those patients with brain hernia died. 

Roentgenograms of the skull revealed intracranial foreign bodies in 53 
per cent of the cases, while 43 per cent had indriven bone fragments. De- 
pression of one or both tables of the skull was noted in 49 per cent of cases. 
Stellate-type fracture was seen in 14 per cent of the cases, and “bursting” 
fractures were described in 3 per cent. The air sinuses were found to be 


“ 


compounded in 10 per cent of all cases. 
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IV. Preoperative Therapy: Treatment at stations prior to the Evacuation 
Hospital was largely supportive in character. The patients’ wounds were 
dusted with sulfa powder and a protective head dressing was applied. A 
stimulating dose of tetanus toxoid was also administered. One-third of the 
patients required an analgesic and/or sedative, after injury. Morphine, 
0.25 gr., was usually administered, being given at the more forward iustalla- 
tions. It was seldom necessary to repeat the dose. Half of the patients 
received plasma, and the average case was given 2.6 units.* One patient in 
every five required transfusion of whole blood. The maximum amount of 
blood given was 2,500 cc., and the average amount was 950 cc. 

V. Anesthesia: It was possible, with the codperation of the patient, to 
carry out the procedure under local anesthesia in 64 per cent of the cases. Pro- 
caine, I per cent, was used. Sodium pentothal, in conjunction with local 
anesthesia, was employed in 26 per cent of the patients. This combination 
had its greatest usefulness in the restless, apprehensive patient, or those upon 
whom other minor débridements were to be undertaken concomitantly. Gas- 
oxygen-ether was given to 8 per cent of the cases, and this included the group 
of major complicating injuries or penetrating head wounds with extensive 
maxillofacial injury. The remaining 2 per cent of the cases were so deeply 
comatose that no anesthesia was required. 

VI. Surgery: The average duration of an operation was one hour and 
forty minutes. Various aspects of the procedure have been subdivided accord- 
ing to the structures encountered. 

(a) Scalp.—It was found feasible to effect an elliptical excision of most 
scalp wounds, since the majority of wounds were roughly linear or were 
puncture wounds. Where a jagged stellate defect existed only the wound edges 
were excised, in order to preserve all available tissue for closure. In three 
instances it was necessary to slide a flap of scalp in order to close the defect, 
the donor site then being covered with split-thickness skin graft. 

(b) Bone.—In general, a circular or an ovoid bony defect was encountered. 
The average circular defect measured 2 cm. in diameter, while the ovoid-shaped 
defects averaged 2.1 cm. x 4.5 cm. in their narrowest and longest diameters, 
respectively. Procedure in the usual case was to enlarge the bony defect with 
rongeurs to obtain clean bone edges and normal dura about the periphery of 
the defect. By so doing the measurements of the defect were roughly doubled. 

Fracture involving the air sinuses, and similarly the orbit, was found in 
17 per cent of the cases. The practice of stripping the mucous membrane 
from the sinus walls was followed out, though in no instance was evidence 
of sinus infection noted. 

(c) Dura.—Laceration of the dura was found in 77 per cent of the cases. 
These dural tears were usually linear in character, and varied in length from 
0.5 cm. to 12cm. Three-fourths of all lacerations averaged 2.3 cm. Multiple 
dural penetrations occurred in one-sixth of these cases. With more massive 





* One unit of dried plasma represents the plasma component of 500 cc. of whole 
human blood. 
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injuries, dural defects of sizes varying from 2 cm. x 3 cm. up to 5 cm. x 8cm., 
were found. Because the dura was rarely found to be grossly contaminated, 
débridement was confined to excising only the frayed edges of the membrane. 
In the remaining 23 per cent of cases in which intact dura was found, the 
membrane was usually tense and less frequently discolored and nonpulsating. 
Here the dura was opened sufficiently to explore for subdural or intracortical 
fluid or clot. 

Though epidural bleeding was noted in 12 per cent of the cases, in no 
case was the accumulation felt to be large enough to be of clinical significance. 
Subdural accumulations of blood or clot were found in a similar frequency, 
but in half of these cases the volume measured from 40 cc. to 150 cc., and 
was considered of clinical significance. 

Injury to the intracranial venous sinuses and partitioning structures (falx 
cerebri and tentorium cerebelli) occurred with equal frequency (6 per cent 
of the cases). 

(d) Brain.—The paths of most foreign bodies and/or bone fragments 
through the cortical substance created tracts which usually were roughly cylin- 
drical in shape, though some were conical and fewer were shallow craters of 
the brain substance. Tracts varied in length from 2 cm. to 17 cm., the average 
being 8.1 cm. Aspiration, by suction and irrigation, of the pulped cortical 
tissue and clots found along the tract produced a tunnel through the brain 
along the sides of which was found a thrombosed plexus of cortical vessels, 
apparently the supporting vascular frame work for that area of the brain 
prior to injury. Where a foreign body and bone fragments were found 
intracortically the foreign body was always at the deepest portion of the tract. 
An effort was made to dislodge both bone fragments and foreign bodies by 
irrigation or under direct vision. In narrow or deep tracts where metallic 
foreign bodies could not be visualized, their removal was attempted by gently 
contacting them with a magnet. This was successful in about half of the 
cases. Where feasible, finger exploration of the débrided brain tract was 
undertaken, frequently revealing retained bone fragments or pockets of 
incompletely débrided soft brain tissue. 

As has been noted, there was roentgenographic evidence of intracranial 
foreign body in 53 per cent of all cases. Sixty per cent of these were removed 
surgically. On the other hand, roentgenograms revealed evidence of indriven 
bone fragments in 43 per cent of all cases, but bone chips were removed from 
the brain in 57 per cent of all cases. 

Seventy-nine per cent of all tracts were unilateral, and 21 per cent were bi- 
lateral. Tracts crossing the midline were found to be twice as fatal as others. 
The ventricular system was found to have been compounded in 20 per cent of 
the cases, and of these 35 per cent terminated fatally. 

(e) Repair—tin the group of cases operated upon at the Anzio beachhead 
it was generally the policy to introduce sulfa powder into the wound. This 
was sprinkled lightly into the brain tract in three-fifths of the cases and along 
the scalp wound in another fifth. This practice was discontinued in the subse- 


183 








MAJOR RALPH A. MUNSLOW Annals of Surgery 


February, 1946 


quent group of cases and no local chemotherapy was used until penicillin 
became available. In roughly the last half of the cases of the entire series, 
10,000 units of penicillin in 2 cc—5 cc. of distilled water was introduced into 
the brain cavity. 

Tight primary closure of the dural wound was possible in over half of all 
cases. In an additional 7 per cent of cases a tight closure was effected through 
the employment of grafts, using either pericranium or fascia lata. This pro- 
cedure was thought imperative in compound wounds of the ventricles. In 


TABLE I 
TIME-INTERVAL BETWEEN INJURY AND SURGERY 


Garigliano-Gothic 


Time-interval Anzio Line 
oe a ee 2 0 
SE 7 6 
ae.) a ae 13 8 
Pe A a ee 14 11 
fe a re 10 6 
re sis gas Go 5 ows 5 7 
| ae ee ee 2 

Ae a ee 2 
SPR AMO Oba cas S o:sce a Roepe 2 
NE NE do s5 we v0.6 bc6 oe 0 1 
Ce eae 1 
Ca CP i 1 


30 per cent of the dural wounds the edges could be approximated but no tight 
closure secured. In the remaining 12 per cent of the cases no closure was 
attempted. This includes a small number of cases in which a subtemporal de- 
compression was left, or where surgically inaccessible lacerations were bridged 
by adjacent structures. For example, linear tears of the inferior surface of 
the frontal lobes were frequently associated with comminution of the superior 
plate-of the orbit and laceration of the periosteum of the orbit. Here, hernia- 
tion of the retro-orbital fat against the torn dural edges seemed to effect a 
satisfactory closure. 

Two-layer scalp closure was undertaken except in those occasional cases 
where, due to the precarious state of the patient, a single-layer scalp closure 
was made to save time. In 60 per cent of the first group of cases a small Penrose 
drain down to the dura was placed for a 24-hour period. This practice was 
discontinued in the latter two groups of the series. 

VII. Postoperative Treatment: The first half of the patients in this series 
received sulfathiazole or sulfadiazine as a postoperative routine. When 
penicillin became available this regimen was discontinued. The patients in 
the second half of the series got 25,000 units of penicillin intramuscularly 
every three hours for at least five days. Lumbar puncture, blood and plasma 
were used when deemed necessary. Patients were given fluids and food by 
mouth and encouraged to become ambulatory as soon as possible. Though 
it was necessary, for tactical reasons, to evacuate the average patient in the 
Anzio group on the fourth postoperative day, cases in the latter two groups 
could be held for a week or longer before being sent back to Base Installations. 
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VIII. Deaths: There were 24 fatalities in this series, a mortality of 17 per 
cent. Analysis of these deaths appears in Table II. 

IX. Disposition: Of the 116 patients evacuated from this hospital all 
were sent to General Hospitals in the rear, except for seven Italian civilians 
who were placed in civilian hospitals. These civilians were held at our hos- 
pital until such periods in their convalescence that we felt they were past the 
hazard of infection, since civilian hospitals at this time were frequently not 
equipped to undertake neurosurgery. In the group of 109 military patients 
it was possible to obtain follow-up data on 103. Records of the other six cases 
are still incomplete. Of the followed cases, 16 per cent were returned to duty, 
while 84 per cent were sent to the Zone of Interior (United States) after vary- 
ing periods of recovery in Base Section General Hospitals. The most pertinent 
problems in this followed group seemed to be those of infection and the neces- 
sity of reoperation. Full neurologic recovery had not been made by most 
patients. Table III is a brief analysis of the 16 patients in whom infection was 
present. These are listed chronologically. Discussion of this data is reserved 
for a later section of this paper. 

It was found necessary to perform a secondary craniotomy upon 18 patients 
ut General Hospitals. Eight of these patients had brain abscesses. Table IV 
is a summary of these secondary operations performed for residual non- 
infectious disease. 

ComMENT: The Evacuation Hospital is the unit in the Italian campaign 
where the large majority of penetrating head wounds underwent definitive 
surgery. When a great influx of casualties occurred it was found necessary 
to establish some system of priority for surgery. It soon became evident that 
certain patients with head wounds would probably not survive intervention. 
In this category were those in deep coma, with stertorous breathing, a rapid 
pulse, and low blood pressure, and who exhibited such neurologic signs as 
decerebrate-type of rigidity, fixed unequal pupils and involuntary micturition. 
Because they tended to develop pulmonary edema, frequent aspiration of the 
pharynx and trachea was necessary. They were given whole blood and con- 
centrated solutions of plasma but usually continued to go downhill. Less 
severely wounded men usually improved after such a regimen. It was the 
patient who, despite a rapid pulse, initially low blood pressure, and marked 
neurologic signs, tended to improve that we felt warranted priority surgery. In 
none of these cases, however, was surgery undertaken as an emergency meas- 
ure. Though it was occasionally necessary to control a scalp bleeder with a 
clamp or a ligature, it was thought that patients generally withstood surgery 
better if given adequate opportunity for stabilization of their vital signs. 

It is curious to note that 12 per cent more injuries occurred on the left 
rather than the right side of the head. This ratio has remained constant 
through the various groups comprising the entire series. One can only 
speculate as to an explanation. It is conceivable that since soldiers are pre~ 
dominantly right-handed, they are somewhat more alert to danger on their 
tight. Likewise, one can but theorize as to the value of the protective helmet 
from these statistics. Assuming equal protection over the head, the fact that 


187 











MAJOR RALPH A. MUNSLOW Annals of Surgery 


February, 1946 


the temporal and occipital regions are less frequently wounded could be 
explained by their relatively smaller surface area but, more significantly, 
more basal injuries are most lethal and probably never reach the Evacuation 
Hospital. 


TABLE IV 

SUMMARY OF DATA UPON 18 CASES REQUIRING SECONDARY CRANIOTOMY FOR RESIDUAL NONINFECTIOUS DISEASE 
Preoperative Diagnosis Findings Result 

1. Intracortical hematoma Soft brain, clot along tract Improved 

2. Intracortical mass lesion Subdural hematoma; softening along tract Improved 

3. Intraventricular bone fragments Fragments removed; noninfected Well 

4. Subdural hematoma? Negative exploration Improving 

5. Brain fungus Fungus resected; primary closure Well 

6. Intracranial mass lesion Bilateral subdural hematoma (missed on pri- Improved 

mary exploration for hematoma) 

7. Subdural hematoma? Small epidural hematoma Well 

8. Intracortical foreign body Foreign body not found Unimproved 

9. Intracranial mass lesion Intracortical hematoma Improved 
10. C.S.F. rhinorrhea Repair of dural tear Well 


Because one in three patients exhibits some measure of paralysis, aphasia 
or hemianopsia, a philosophy of adequate but not necessarily radical débride- 
ment was adopted. Devitalized, contaminated bone was resected, but not 
“en bloc.’ Every effort was made to remove all bone fragments and pulped 
brain tissue from the tract because of their known tendency to produce 
abscesses. Small shell fragments, on the other hand, were frequently left 
im situ since they were much less likely to harbor infection. Surgically inac- 
cessible lesions, previously referred to, should be construed as those whose 
repair might require more extensive surgery than the nature of the lesion 
itself would justify. This principle is equally applicable to certain deeply 
situated small shell fragments. 

Of the 103 soldiers on whom follow-up data was available 11.6 per cent 
subsequently developed some form of infection. It may be of interest to 
examine more closely the various factors which might explain the difference 
between an incidence of 21 per cent infection of the cases operated upon on the 
Anzio beachhead and 5.7 per cent of the cases resulting from the Gothic Line 
push. The time-interval between wounding and surgery was slightly longer 
in these infected cases. The fact that a missile traversed the air sinuses, 
orbit, external ear or mastoid cells on its path into the cranium did not seem 
to enhance the likelihood of any particular case becoming infected. Likewise, 
a metallic foreign body left in situ did not seem to increase the incidence of 
sepsis. Bone fragments are seen less frequently roentgenographically than 
they are found surgically. It is, therefore, not unlikely that other smaller 
fragments are missed at operation. In several instances small fragments, 
missed at primary débridement, were later found when a brain abscess was 
drained. On the other hand, retained bone fragments were the indication for 
secondary craniotomy in another case, and were noninfected when removed 
from the wall of the lateral ventricle. For this reason, whether they act as a 
nidus of infection cannot be definitely ascertained in any particular case. 
There seems to be no relation between the type of dural repair and likelihood 
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of subsequent sepsis. In 60 per cent of the cases operated upon at Anzio a 
small Penrose drain was placed down to the dura. One in five of these 
patients developed infection. It became evident when these cases were seen 
in General Hospitals several months later that the use of the drain did not 
prevent infection and may have contributed to it. Its use was discontinued 
except in the occasional case. 

As has been stated, during the phase of the Anzio beachhead the sulfa 
drugs were used chemotherapeutically, whereas only penicillin was used in 
the most recent (Gothic Line) phase. There were almost four times as many 
infections in the former group. Any improvement, however, cannot be 
directly attributable to a change in chemotherapy alone, since the practice 
of draining was discontinued and because, for tactical reasons, it was possible 
to hold this latter group until wound healing was more complete before 
evacuation. 

A mortality of 17 per cent has characterized all groups of the entire series. 
This would seem to vary almost directly with the tactical situation. When 
time is not a factor there is a tendency to attempt surgery upon patients whom 
one feels may have been doomed since wounding. During a great influx of 
patients priority must be given to those who have a reasonable chance to 
survive. Time was not always available to perform postmortem examination. 
On gross examination of 18 brains removed at autopsy, death was due directly 
to the effects of brain injury, except for one case who died of a fulminating 
cerebritis present on admission. 


SUMMARY 
A consecutive series of 140 cases of penetrating wounds of the head sus- 
tained during the past year of the Italian campaign is presented. Craniotomy 
was performed upon these patients at an Evacuation Hospital. Thorough 
but not extensive débridement was attempted. Penicillin seemed more effica- 
cious as a chemotherapeutic agent than the sulfa drugs in this series. 
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FROM A BRITISH ARMY MAXILLOFACIAL SURGICAL UNIT. 


THIS ACCOUNT of the treatment and results of 1,000 jaw casualties* is 
made with special reference to the fixation of the bone fragments and the 
early repair of the soft tissues. An attempt is made to compare the methods 
of treatment in British and American Armies. The work was done in North 
Africa and Italy. In both countries this Unit came in frequent contact with 
the maxillofacial services of the United States and of the French Armies. 
The Unit landed in North Africa with the First Army in November, 1942. 
In the early part of the Tunisian Campaign it shared in the early treatment 
of American as well as British casualties. Subsequently, in Italy, it had the 
late care of many British casualties who had had their primary treatment 
in American hospitals. 

In North Africa all British M. F. casualties were concentrated in the 
one Center at Algiers. The early treatment was done by Forward general 
surgeons, as was the case with the Eighth Army M. F. casualties in the Desert 
campaigns. The policy of concentrating all M. F. cases was extended in Italy 
where, at Naples, this Unit was responsible for the treatment of the British 
M. F. casualties from the battles and combined operations on the west coast. 
Working in the facilities of a General Hospital 50 miles from a static Front, 
it was able to develop the surgery of the soft tissues and in particular to 
explore the scope of primary suture in battle wounds of the face. After 
Cassino, when the Armies advanced along the peninsula, the system of con- 
centrating M. F. casualties into one Forward Unit continued. The Unit pro- 
vided a Forward Section which was equipped to do full facial repairs, and 
was able to hold its cases for three to five days before evacuating them by 
air to its own Main Section at Naples. This Forward Section was placed 
together with Special Head and Special Eye Units, at a Forward Hospital, 
or C. C. S., so that casualties reached it in six to 30 hours. A most successful 
system of triage assured that all British head, eye, face and jaw (and most 
pharyngeal) wounds arrived at the Forward Hospital to which these three 
special units were attached. This system, rather than the alternative of 
having individual specialists attached to general units, was a success because: 
the early forward sorting was very efficient; special equipment in generous 





* Cases treated up to November, 1944. 
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quantities had been concentrated at these special units ; and distribution of 
personnel and equipment between Forward and Main Sections of the 
Maxillofacial Unit was left a Unit responsibility by higher administration; 
it was thus possible for changes to be made easily and quickly to meet the 
varying demands of the two Sections. 

The work of the Main Section at Base has been the intermediate care 
and the late repairs. The number and extent of late repairs has depended 
on the number of hospital ships and on the pressure of work. In practice, 
nearly every case has been held one to two months; many whose total period 
of incapacity has been four to seven months have been seen through to union 
of the jaw, correction of their facial deformity, and return to duty in the 
Mediterranean. Of 1,000 jaw fractures* described here, 600 returned to duty 
in the Mediterranean ; 400 were evacuated to the United Kingdom healed after 
one to two months treatment at Main Section of the Unit. 

Split into Forward and Main Sections a single M. F. Unit has the oppor- 
tunity—rare in the Army—of being able to follow its cases through from 
Forward surgery to return to duty, and of being able to correlate both 
aspects, early and late, of military M. F. work. 

The Maxillofacial Casualty—This paper is concerned only with the 
casualty who has a jaw fracture. Seven hundred of the 1,000 cases were 
missile wounds. Forty per cent of these were due to mortar; nearly 30 per 
cent each to shell and bullet and less than 5 per cent each to grenade mine and 
bomb. These 700 missile wounds include 50 each of associated major pharynx 
and palate wounds. 

Three hundred cases were closed injuries and were chiefly caused by 
vehicle accidents including battle accidents; a third of the closed injuries 
were due to brawls. 

A typical missile fracture of the jaw shows gross comminution with 
involvement of an indeterminate number of teeth and scattering of bone 
and tooth fragments into surrounding soft tissues. The track of the missile 
commonly penetrates tongue and pharynx and may lead towards the cervical 
spine across the carotid sheath. 

The missile which traverses the maxillary block often destroys the eye 
and disorganizes antrum and palate. If it is a large missile the whole block 
may be “floating” with gross malocclusion, and comminution may involve 
ethmoid and sphenoidal sinuses and the floor of the anterior cranial fossa. 
There is a high incidence of associated brain injury, and death from this 
and from respiratory complication is relatively common compared to 
mandibular wounds. 

TREATMENT OF THE MAXILLOFACIAL CASUALTY 

Treatment of the maxillofacial casualty falls into three phases: early, 
intermediate, and late The less that is done at the primary treatment the 
more extensive and prolonged are the intermediate and late phases. 

For the greater part of this war the early treatment of maxillofacial 





* In 4,600 casualties (maxillofacial, burns, and body plastics) treated in 2.5 years. 


191 











CLARKSON, WILSON AND LAWRIE Annals of Surgery 


February, 1946 


casualties in the British Army consisted chiefly of dental fixation. Repair 
of soft tissues was left until after natural healing, with deformity. This 
treatment led to prolonged hospitalization for even minor facial wounds, 
Conservation of dead bone and soft tissues caused a high incidence of infective 
complications. The treatment described here has been the routine for the 
casualties in Italy. It was evolved as a result of experience in North Africa, 
when ample opportunity of seeing the results of conservative early surgery 
was afforded the Unit in Algiers. 


EARLY TREATMENT 
1. Soft Tissues—A primary closure of a face wound is more often pos- 
sible and safe than it is in most other sites. The tracks of many of the missiles 


A B 





Fic. 1.—Primary soft tissue repair of major mandibular wound with gross bone loss: 


A. Disruptive wound six hours old. 
B. The same after clearance of bone fragments, soft tissue excision and closure. The drain was out 


and healing complete at ten days. 


are capable of thorough excision, and the free blood supply ensures a maxi- 
mum survival of damaged tissues. The surgeon must be certain that he can 
hold his cases three to five days and supervise removal of his own sutures. 
Under the right conditions primary closures not only shorten healing times 
drastically, to the great relief of the patients, but diminish the incidence of 
bone infection. Whenever possible the jaw should be fixed at the same opera- 
tion. If splints have to be used it is usually wise to accept the six to eight 
hours delay necessary for their construction. About 20-30 per cent of 
maxillofacial missile wounds are suitable for primary final repairs. 
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These primary repairs are done when the wound looks clean, is under 
24-36 hours old, and the tissue loss is such that repair from local tissue is 
possible. There is a meticulous removal of all dead tissue, careful minimal 
skin excision with preduction of a nonbevelled edge; and the best cosmetic 
closure done that is possible without prejudice to any late repair that may 
be necessary. Minor degrees of skin loss are made up by undermining, 
which may be of the order of 1 to 5 cm. Major flaps have seldom been used 
in primary repairs. Over some traumatic antrostomies with gross loss of 
skin, a bed of subcutaneous tissue has been fashioned, and then covered by 
thin split-skin graft. Primary free grafts to the face nearly always need 
a later cosmetic repair. Mucocutaneous suture has only been done when 
the tissue loss has been too great to permit primary reconstruction; the same 
meticulous surgery of bone and soft tissue which are closed must be done 
as in a primary skin closure. Whenever possible fistulae are closed at the 
initial operation, using mucosal flaps if necessary. 

Parenteral penicillin has been used early in a number of cases. It cannot 
control infection in a fracture site which involves teeth and communicates 
with the mouth, and no decrease in bony infective complications has been 
noted in such cases. But in cases of early closure of facial wounds including 
those involving bone local penicillin reduces the incidence of suture line 
infection ; systemic penicillin produces even quieter healing. But the general 
scope of early closure of facial wounds is not materially increased by 
penicillin. 

Hemorrhage in an M. F. wound is almost always controllable by local 
attack on the bleeding point through the wound. We have never found it 
necessary to do a primary proximal arterial ligation and only very excep- 
tionally have had to enlarge a wound to obtain access to the bleeder. 

2. Wounds of the Pharynx.—There is a considerable difference in prog- 
nosis and in treatment between wounds of the naso- and oropharynx and 
those of the laryngeal part. 

The upper pharyngeal wounds of this series were caused by missiles 
passing through antrum or ascending ramus. A thorough track toilet by 
finger or forceps is sufficient ; repairs by either external or internal approaches 
are neither practicable nor necessary. Uneventful healing is the rule, except 
when the cervical vertebrae are involved and are comminuted. In this series 
of 50 pharyngeal wounds there were four cases of osteomyelitis of the spine 
which caused an internal pharyngeal fistula to persist. 

The risks of serious infection from wounds of the lower pharynx are 
much greater, and probably derived from the seepage of saliva and of 
discharge from the fracture site into them. In wounds of the laryngeal 
pharynx, if there is evidence of early infection, it is often wise to convert 
an internal wound into an external pharyngotomy by a deliberate exposure 
to establish dependent drainage. But in a number of favorable early cases 
a full exposure of the pharyngeal hole, with excision of the track and com- 
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Fic. 2.—Primary repair of major combined mandibular and maxillary wound. 

A. Mine wound of face eight hours old, with combined fractures of mandible and maxilla and an 
external traumatic antrostomy. The mandible was diffusely comminuted for 1 cm. in 345 region, and 
the roots of these teeth were fragmented. 

B. A minimal but meticulous excision of all layers of the wound has been done. Comminuted 
displaced antral and mandibular fragments have been removed. A water-tight closure of the mouth has 
been effected by mucosal flaps. Involved teeth have been extracted, and the jaw fragments fixed with 
eyelet and direct wires, after impressions had been taken for future cast metal splints. 

A thorough soap and water toilet of the face has removed most of the ingrained mud. A skin 
closure with fine interrupted suture-silk completed the operation. 

C. The patient ten days later: 

There was primary union of the whole wound by the third day, when the remaining sutures were 
removed. Wire fixation was changed for cast metal splints at the end of the second week. 
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plete closure in layers, has been successful. A tracheotomy has been done 
at the same operation as primary pharyngeal closure. 

3. The Coniminuted Mandible—Our policy has been to remove, early, 
all detached or infected bone, but to conserve all bone that may survive, except 
when a bone-gap is already present; a complete bone clearance is then done 
and leads to healing in a few days. Incomplete fractures are mostly best 
treated by a radical clearance, and closure. 

Prophylactic dependent drainage of nonsuppurating mandibular fractures 
has not been our practice, as it delays healing time and can infect the bone. 

4. Wounds of the Antrum.—Wounds of the antrum provide a favorable 
field for radical surgery and early closure. Soft tissues of the wound and 
track are treated by meticulous and thorough excision. Healthy intact antral 
and nasal mucosa is left. A good nasal antrostomy is established when the 
missile has not already done this. Comminuted antral wall and all maxillary 
fragments having no structural value are cleared out; but major alveolar 
fragments and orbital floor are treated with great conservatism. This radical 
policy with comminuted antral fragments is adopted because when these 
fragments are left, progressive sequestration and long-standing antral infec- 
tion is the rule. 

Soft tissues are closed in layers over the traumatic antrostomy. Consid- 
erable undermining may be necessary for a closure without pulling on lids or 
lips. Only one antrum out of a series of 40 antral closures became infected—a 
man who had pus in his antrum at the time of injury ; the closure healed by first 
intention. Buccal or antral fistulae are closed whenever feasible; for these 
fistulae a one-layer closure by a large single flap of buccal mucosa has often 
been used successfully. 

Hemorrhage in antral wounds is seldom troublesome at operation, and is 
nearly always controllable by hot packs. In one case the internal maxillary 
artery had to be secured through a hole in the posterior wall of the antrum. 

5. Fixation.—A missile fracture of the jaw is best fixed within two days 
of injury except when: 1. There is an associated wound of tongue and pharynx 
with so much swelling that suffocation is likely to occur if jaws are fixed 
together; and 2, when nasal obstruction is present—usually fractures of 
maxillary block with some associated head injury—and there is a similar 
danger of suffocation. Intermaxillary fixation (I. M. F.) is best delayed in 
these cases for about a week, and whenever possible should then be done 
without an anesthetic. 


TABLE I 


SHOWING DENTAL FIXATION INSTITUTED AT THE UNIT 
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Cases treated by dental wiring (eyelets, direct, all types)............ccccececcccccccceccccceccceces 500 
Cases treated by per alveolar and circumferential wire.............0.cccccccccccccccccceucceuccees 45 
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Cases treated by Rodger Anderson extra-oral pins..............ccccccccuccccccccucceccceuvcceccs 
Cases treated by P.O.P. headcap C.M.S. and external rods............0ccccecces ceucecuccuacuceees 38 
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Wire Fixation—A large majority of all jaw fractures can be satisfactorily 
treated throughout by wire; and in the first instance wiring is best for 
nearly all missile injuries. It is a quick method in expert hands, and can 
keep up with a high intake of casualties. Eyelet wiring, which we consider 
quicker to apply than continuous wiring, has been the most widely used 
method. It requires close supervision and the maintenance of 60 cases 
treated by wire will fully occupy one dental specialist. 





Fic. 3.—Primary repair of pharynx wound: 


A. Eight-hours-old T. and T. wound comminuting lower border of right side of symphysis and 
passing down through left pyriform fossa and left side of laryngopharynx to emerge in front of middle 
of sternomastoid. 

T. and T. wounds connected, whole tract excised and bone fragments cleared out. The dissecting 
forceps are being held in the pharyngeal rent. 

e Closure in layers, with drain down to pharyngeal wall. Healing was complete in ten days at 
which time he was eating a normal diet. 


We have used wire intermaxillary fixation (I. M. F.) in preference to 
elastics as we believe that wire I. M. F. is firmer and better, but we have seen 
many cases successfully treated by elastic I. M. F. at American hospitals, and 
there is no doubt that both methods give good results. Elastics have been re- 
served by us for cases needing gradual reduction, and have been found of value. 

The caliber of wire most satisfactory for general use has been 0.5 mm. 
stainless steel wire for the eyelets and double thickness 0.35 mm. stainless 
steel wire for I. M. F. Three pairs of eyelets are usually enough; but in 
multiple fractures up to six pairs have been used. 

Some cases of scanty dentition, unusual occlusion, and some multiple 
fractures cannot be fixed by wire. For this minority early splints are 
necessary. 

6. Air-way.—lIt is sound practice in military surgery to do a tracheotomy 
on any M. F. casualty with distress from upper respiratory obstruction which 
is not relieved by a simple mechanical toilet of the mouth, nose and pharynx, 
especially under busy conditions or when evacuation is unavoidable. 

It should be done when I. M. F. is necessary in the presence of gross 
intra-oral damage or nasal obstruction; in most cases of primary closure of 
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wounds of larynx and pharynx ; in emergency, for any acute upper respiratory 
obstruction if an endotracheal tube cannot be passed. 

In all these cases a transthyroid tracheotomy is probably best, as the tube 


A 





B 


Fic. 4.—Primary repair of antral wound: 


A. Disruptive 40-hours-old wound causing destruction of 
orbital contents floor, lower lid and surrounding cheek, with 
gross traumatic external antrostomy. 

The same four days after radical débridement of antral 


wall fragments and closure of antrostomy by up-turned subcu- 
taneous flap covered with a thin split-skin graft. 


is generally required for several days. Laryngotomy is reserved for cases 
of the most extreme urgency. Only one laryngotomy was done in this series. 

It is probably true to say that too few rather than too many tracheotomies 
are done in Forward areas. Twenty-seven of these 1,000 cases had a 
tracheotomy. In one there was a serious complication (erosion of the 
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innominate by a low tracheotomy tube). In none of the others were there 
any adverse effects attributable to the tube, though it was often retained for 
one to three weeks during repeated evacuations. 

7. The Teeth—For the shell wounds of the jaw an early conservative 
policy with teeth is wise. Loose teeth and those easy to remove are extracted 
but many teeth involved in the fracture lines will survive, be of value for 
fixation, and cause no trouble. An attempt at early extraction of a firm 
tooth on a major loose fragment is very traumatic and commonly brings 
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Fic. 5.—Cast metal splint fixation: 
Closed cast silver splints cemented on were the standard definitive fixation used by the Unit for 


missile wounds of the jaws. : me 
A. Shows intermaxillary fixation by wiring the splints together with S.S. wire. 
B. Shows intermaxillary fixation and fixation across the fracture site by a locking-bar. 


the bone fragment away with the tooth. On the other hand, teeth in the 
single fracture line of an accidental injury are best removed at primary 
operation, with the exception of a firmly embedded 8. 

8. Ward Care.—For battle periods a well-lighted recovery ward, with an 
experienced staff, is essential. 

Feeding in the early stages depends upon a well-organized ward service. 
The worst wounds depend upon intravenous feeding for the first two or three 
days. Up to 4 per cent need feeding by an indwelling Ryles tube during the 
first two weeks. Only four out of 1,000 cases had gastrostomies ; in only one 
was it absolutely necessary. 

As early as possible the patient is taught the importance of maintaining a 
very high standard of oral hygiene by his own efforts with tooth brush, pumice 
and bicarbonate; special irrigation machines are never used. 
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IMMEDIATE TREATMENT 

This is the treatment of infective complications of bone and teeth, and 
the provision of definitive fixation. 

1. Definitive Fixation—Splints: Sectional cast silver closed-cap splints 
fitting closely round the gum margin have been the standard splints of this 
Unit. Open-cap acrylic splints have been used only in a small minority of 
cases. The fixation of closed cemented silver splints is firmer, particularly for 
the British soldier whose dentition is often incomplete and irregular. The 
objection that closed cemented silver splints cause gagging receives no sup- 
port from our experience of over 800 splints fitted. 

Time of application of cast metal splints (C. M. S.): We have seen 
the results of a large number of cases treated by C. M. S. as a routine primary 
method of fixation at Forward Hospital or C. C. S. level. The chief dis- 
advantage of Forward splinting is that teeth are often included in the splint, 
which have to be extracted later—and extraction of a tooth incorporated in 
a splint may be technically difficult and harmful. Furthermore, the planning 
and application of a splint is best left until the course of the fracture after 
the primary surgery is apparent, and the case can be observed and held. 
There remains the minority of cases that cannot be properly fixed in any 
other way and in them the inherent disadvantages of Forward splinting must 
be accepted. 

It is important to realize that to immobilize a jaw by wire all that is 
needed is a yard or so of wire and a pair of Spencer Wells forceps, whereas 
the use of splints requires a ton of heavy equipment and accommodation for 
a skilled dental mechanic whose maximum output at pressure is only two 
sets of splints a day. 

2. Other Methods of Fixation—About 90 acrylic, or vulcanite Gunning 
splints, have been fixed by per alveolar and circumferential wiring in 45 
edentulous cases. This probably is a higher proportion of edentulous 
fractures than would be found in a similar group of U. S. Army personnel. 
The method gives firm fixation for four to six weeks, which is quite long 
enough for union in most edentulous fractures. In one case an upper 
Gunning splint fixed by per alveolar wires was left in and was firm for 
six’ months. . 

Extra-oral Roger Anderson pins have been used by us in only 15 cases, 
but in these they played a valuable rdle in controlling edentulous posterior 
fragments involving teeth or compound into the mouth. Sequestration 
around the pins occurred in one of our own cases, and infection around pins 
has been seen in seven other cases whose pins were inserted elsewhere. This 
is the risk of the method. Pins are unsuitable for the early treatment of shell 
wounds with major bone gaps as they seldom remain firm for more than six 
to ten weeks, deformity recurs on their removal and nothing has been gained. 

Interosseous wiring has been used in 15 cases, and has been uniformly 
satisfactory in fixing and producing rapid union of edentulous posterior 
fragments in linear closed fractures. 
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3. Sequestrectomy and Drainage-——The commonest cause of infective epi- 
sodes, or of a persistent sinus, is sequestration of bone fragments. Jaw wounds 
which are not healed in two to four weeks should be gently explored by the 
finger through the wound or a small suitably placed submandibular incision. 
Sequestra are removed and a drain inserted, and healing is expected in one 
to two weeks. These operations may yield one to three major sequestra 
(1 cm. in diameter, or more), or only a number of “seedling” sequestra. Up 
to the arbitrary time of eight weeks a most conservative policy is followed. 
Only bone which is certainly dead is removed, and no attempt at full exposure 
of the fracture site is made. 

If the wound is not soft and dry at eight weeks a radical exploration is 
made through an enlarged or planned incision. All comminuted bone is 
removed and a drain is left in. At this late operation any bone fragment 
that is not certainly viable is cleared out, and the bone ends of the major 
fragments are freshened. 

It is axiomatic that healing follows within two weeks or the operation 
has been inadequate, and must be repeated to avoid the interminable sinuses 
which occur when the care of these patients is not geared to a time-table. 

4. Soft Tissues——There is a useful place at this stage for secondary closure 
of jaw wounds which were nct primarily closed, especially buccal and parotid 
fistulae. These operations obviate dressings and by stopping drooling from 
the fistula give the patient great relief. 

5. Secondary Hemorrhage—There were 20 cases of secondary hemor- 
rhage. Most of these hemorrhages were minor and readily controlled in bed 
by simple measures. In six (1 per cent of missile wounds) bleeding occurred 
from an arterial gusher. These were all controlled by ligation of the external 
carotid cn the same side. None died. The special danger of intrabuccal 
hemorrhage in cases with I. M. F. is rare, but every M. F. ward should have 
a wire-cutter and torch easily available. 

6. Teeth—Extractions at this stage are indicated when an involved 
tooth is ‘considered to be the cause of an infective episode or the cause of a 
persistent sinus internal, or external. This extraction may be difficult or 
harmful if primary fixation has been by splints rather than by wire. Fifteen 
per cent of the fractures involving teeth in this series of 1,000 jaw fractures 
had late extractions. 


LATE TREATMENT 


The scope of late repairs of the M. F. casualties in a Theater of Opera- 
tions is dictated by military conditions of which the number of hospital ships 
and number of hospital beds are the chief. In this Theater facial wounds 
needing tude-pedicle repair have seldom been done, and only a minority of 
cases with bone gaps (14 out of 52) have been grafted abroad. 

Of these 1,000 cases 600 were returned to duty in the Mediterranean. 
This high proportion has been possible because of the large number of 
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facial wounds which could be repaired from local tissue, and the small pro- 
portion of jaw wounds with bone gaps (15 per cent of missile wounds). 

1. Cancellous Chip Bone Grafts—Cancellous chip bone grafts have 
been used in 14 cases. No graft was inserted earlier than 60 days from 
date of wounding, and all except three cases were grafted within 100 days 
from being wounded. In eight cases a graft was inserted one to four weeks 
after soft-tissue healing. Union times varied from 32 days for I cm. gaps 
to 90 days for gaps of 6-7 cm. There were no complications in this series. 
All achieved union while under our care, and there has been no trouble of 
any sort from the iliac donor sites. 


TABLE II 


CHIP BONE GRAFTS FOR MANDIBULAR FRACTURES 


FOU CASIE a6 Oe a5 tee ek 14 
Gap Union Time (Days) 
PORE Aa eee araihioiay occa tenes + aioe So ctelats 32 (7 cases) 
MISS oh 7i5 4. 5oi0a Sibi beatae RSG oe lvgh. Sw a RTOTsraloere 45 (4 cases) 
ROMER Bois ooh e sa IE Wis dw a's BOLO Re RR 0 (3 cases) 


The experience of this Unit with cancellous chip grafts is consistent with 
that of Plastic Centers in England in showing that this method of grafting 
is simple, safe and certain. It produces union more rapidly and can be 
used earlier than can formed cortical bone grafts. This effective method 
justifies bone grafting of nearly all fractures of bone gaps a month after 
healing. Its safety is such that we have adopted a policy of bone grafting 
any case which is not clinically progressing to bony union by go days. 

2. Scar Corrections ——These have been done one to four weeks after final 
healing. This is much earlier than in civilian practice but we believe it to be 
the right policy under military conditions. These facial repairs are done by 
standard methods—by excision, undermining, and a two-layer closure after 
excision of dogears, or by swinging and rotation flaps or “Z” plastics. 

For defects unsuitable for repair by local tissue free grafts have been 
used; postauricular full-thickness grafts for lower lids and thick dermatome 
sheets from the abdomen for cheeks and foreheads. 

3. Epithelial Inlay—Epithelial inlays are needed at this stage in about 
5 per cent of the cases returned to duty within six months of being wounded. 
The reopened buccal sulcus is a uniformly receptive surface for split-skin 
born on a detachable G. P. mold fixed to a silver-cap splint. All cases have 
shown a 90-100 per cent take of the grafts, and dentures have been fitted 
three to four weeks after operation. Perhaps half the long-term cases need 
it before their repair is complete and they can wear a denture. 

4. Trismus.—Trismus is a common sequela of missile wounds involving 
the muscles attached to the ascending ramus, whether a fracture is present 
or not. It commonly comes on after the second week. 

Prophylaxis consists of chewing gum and the use of a wedge. This is 
enough for most cases of trismus following I. M. F. 
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Cases of persistent trismus due to soft-tissue injuries or fractures of the 
coronoid alone, are forcibly dilated under anesthesia and a prop inserted 
which is worn continuously for five days and then intermittently for a further 
ten ; this has been uniformly successful and no late recurrences have been seen. 

5. Assessment of Union—Union in mandibular fractures is a clinical 
term judged by the usual clinical standards; namely, that the fracture site 
is firm to testing, is not tender to direct or indirect pressure, or on chewing. 
Reliable roentgenographic evidence of bony union is very seldom present 
before three months, may be much later, and is no help in deciding release 
of fixation. Union actually occurred somewhat earlier than the times quoted. 
Testing necessitates release of the fixation, takes time, and so is seldom done 
oftener than once a fortnight after the expected date of union. 


RESULTS 

In this series of complete fractures of the horizontal ramus involving 
teeth, caused by missiles, 110 cases united while under our care. Most of 
them were severely comminuted and it is remarkable that severe comminution 
only delayed union by about a fortnight, even though the comminuted cases 
often required late sequestrectomies. The analysis also shows that early 
surgery and fixation of the fracture lead to union one to three weeks sooner 
and reduce the incidence of late bone infection. The value of early treatment 
is best seen in comminuted fractures (Table III). 


TABLE III 
Shell Wounds Causing Complete Fracture of Horizontal Ramus Accidental (closed) Injuries Causing 
Involving Teeth Complete Fracture of Horizontat 
Ramus Involving Teeth 
Total cases treated, 281 Total cases treated, 170 
Total followed through to union, 110 Total followedthroughtounion, 148 


SHOWING RELATION OF UNION TIME TO DEGREE OF COMMINUTION, DAY OF INITIAL FIXATION AND NUMBER OF 
CASES REQUIRING LATE SEQUESTRECTOMIES 








Degree of Comminution Degree of Comminution 

0 1 2 3 Gap 0 1 2 0 
Numberof cases......... 6 15 40 40 10 108 30 10 3 
Fixed within two days 
Union time (days)..::7.. 41 56 58 57 0 46 48 57 0 

(3 cases) (8cases) (2icases) (26cases) © (64cases) (21cases) (7 cases) 

Cases requiring late se- 
questrectomies.......... 0 0 7 14 8 4 3 2 0 


(8 ops.) (25 ops.) (9 ops.) (60ps.) (5 ops.) (6 ops.) 
Fixed between 2nd and 7th 


days 
Union time (days)..:73..: 51 45 65 76 0 44 51 78 0 
(3cases) (7 cases) (19 cases) (14 cases) (44cases) (9cases) (3 cases) 
Cases requiring late se- 
questrectomies.......... 0 0 9 10 0 4 0 2 0 
(210ps.) (16 ops.) (4 ops.) (3 ops.) 
Average union times.....: 46 51 62 64 45 49 64 


In these tables degrees of comminution are as follows: 
0 =single fracture lines. 
1 =1-3 bone fragments between the main fragments. 
2 =1-2 cm. of diffuse fragmentation of the mandible; in missile fractures the comminution is much finer and 
there is more shattering. 
3=more than 2 cm. of fragmentation, including those of diffuse comminution of the whole of one, or both 
horizontal rami. 
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One hundred and forty-eight accidental fractures of the horizontal ramus 
involving teeth (Table III) were analyzed in the same way for comparison. 
The classification of degrees of comminution is not strictly the same as missile 
injuries, are usually much more finely comminuted and the fragments more 
scattered. In the accidental group as a whole, comminution is less and 
the wound and associated soft-tissue damage are much less. It is remarkable 
that the union times of the accidental group are practically the same as the 
shell group for comparable degrees of comminution; the damage to the soft 
tissue has apparently no effect on the process of bony union. 

The aim of the primary operation is to remove all bone fragments that 
are infected or nonviable and to preserve all that will survive. If the surgecn 
is too radical he will create gaps requiring bone grafts unnecessarily. If he is 
too conservative there will be a high incidence of late sequestrectomies. 

A comparative table was prepared to see if there were any grounds 
for our belief that the early surgery ought to be done by a Forward specialist 
team. It provided striking evidence. When the early surgery was not done 
by a specialist team, employing the principles described above, the incidence 
of bone gaps was exactly the same but late bone infection was nearly three 
times as common (Table IV). 


TABLE IV 


SHOWING THE INFLUENCE OF SPECIALISED TREATMENT ON UNION TIMF, INCIDENCE OF LATE SEQUESTRECTOMIES 
AND INCIDENCE OF BONE GAPS IN COMPLETE SHELL FRACTURES OF HORIZONTAL RAMI INVOLVING TEETH 


Cases that Received 


Cases Treated their Early Treatment 
Throughout* Elsewheret 
EB Oey ers oe enna On TT gene ee 135 146 
fe Tis CLE G1.) a 56 (41 cases) 70 (61 cases) 
Ec Sa eGlOwaNa ts S.sielde es naiae a6 sigh Se'06-0 00 en'elag.eeee 27 25 
41 (52 ops.) 92 (136 ops.) 


Cases that required late sequestrectomies.................. 
* Cases treated throughout by this Unit; early treatment of bone and soft tissues being as described. in the 


early paragraphs of this paper. 
¢ Treatment undertaken from the second week. 


There were only 22 fractures of the edentulous horizontal ramus in this 
series; and on this small group one can only say that complications were 
few and in their absence union took place within three weeks. 

One hundred and ninety angle fractures are analyzed separately because 
of the peculiar problem of controlling the posterior fragment. Unreduced 
displacement of the posterior fragment considerably delays union and an 
involved eight is often left, if firm, to control the fragment and avoid dis- 
placing it by the trauma of extraction. In missile injuries there is often diffuse 
shattering of the angle so this policy refers particularly to the accidental 
group. It does not often lead to suppuration and drainage of the jaw but 
Table V clearly shows that union takes 10 to 20 days longer when the 
fracture line involves teeth. All the ten cases that required drainage involved 
teeth. In four cases primary extraction had been done, and in six the tooth was 
extracted at the first inflammatory episode. In this group, again, the soft- 
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tissue injury appeared to have no effect on union time and the accidental 
and shell fractures with comparable degrees of comminution united at 
the same rate. 

Our standard practice with 128 condylar fractures has been to fix them 
in proper occlusion for three weeks, and then encourage full function and 
discharge them a week later. The standard incapacity time is thus a month, 





TABLE V 
Shell Wounds Causing Complete Fracture of Angle of Mandible Accidental Complete Fractures of t 
Angle of Mandible 
Total cases treated, 95 Total cases treated, 95 
Total followed through to union, 43 Total followed through to union, 86 
SHOWING RELATIONSHIP OF UNION TIMES TO INVOLVEMENT OF TEETH, SHOWING THE RELATIONSHIP OF 
TO DEGREE OF COMMINUTION, DAY OF FIXATION AND NUMBER OF UNION TIME TO DEGREE OF COMMI- 
CASES REQUIRING SEQUESTRECTOMY NUTION, DAY OF FIXATION, IN- 
VOLVEMENT OF TEETH AND INCI- 
DENCE OF DRAINAGE 
Degree of Comminution Degree of Comminution 
0 1 2 3 Gap 0 1 2 3 
Number of cases........... ee 9 18 12 4 65 18 3 0 
Fixed within two days 
Union time (days)............. 0 48 47 55 39 50 70 0 
(6cases) (8cases) (4cases) (33 cases) (Scases) (1case) 
105 
(B.G. 77) 
Cases requiring sequestrectomy. 0 0 2 2 4 1 0 0 
(7 ops.) (2 ops.) 
Fixed between 2nd and 7th day 
Union time (days)............: 0 41 52 59 50 54 150 0 
(3cases) (10cases) (8 cases) (32 cases) (13 cases) (1 case) 
Cases requiring sequestrectomy. 0 0 4 5 3 3 0 0 
(8 ops.) (6 ops.) (5 ops.) 
Cases involving teeth.........: 0 50 51 58 49 55 110 0 
(5cases) (14cases) (12 cases) (53cases) (14cases) (3 cases) 
Cases not involving teeth......: 0 40 45 0 32 35 0 0 
(4cases) (4 cases) (12 cases) (4 cases) 
TABLE VI 
Fractures of Condyle of Mandible Fractures of the Coronoid 
Process 
Caused by Shell Accidental Caused by Shell Accidental 
Total number of cases............-..2-0005 48 80 22 3 
Associated with other fractures of mandible. . 20 42 10 (9 A.R.) 2 
Fractures of condyle alone................. 28 38 12 1 
Treatment seen to completion.............. 15 36 15 3 
TIRE MMGECETORTIMONE 66 on 5s ee veces ? Av. 29 Av. 52 Av. 32 
Evacuated (all for other injuries)........... 13 2 7 0 
(RIN Ges eit eer oi Av. 28days Av. 20days 10 caves 0 
(20 cases) (25 cases) 
NEG Se OP Eee CPP EE Te 3 0 11 0 
NE. be a 40, 42, 70 days 
ee 3 0 0 0 
Sequestrectomies required...............06. 2 cases (5 ops.) 0 2 cases 0 
Associated lesion of ear, eye, antrum...,.... 10 0 10 0 
Early major hemorrhage................++5 3 0 2 0 
Gagging, requiring molar extraction......... 0 2 0 0 
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and there were no cases of trismus, and only two that required late molar 
extraction for gagging (Table VI). 

Missile fractures of the condyle are a different class of injury with the 
risk of damage to the internal maxillary artery where it is relatively inacces- 
sible and of inflammatory complications leading to severe trismus. Hemor- 
rhage is usually controllable by pack and pressure dressing but one case 
developed a false aneurysm medial to the ascending ramus which healed 
after external carotid ligature on the same side. 

Fractures of the coronoid process (25) were not treated by inter- 
maxillary fixation except when necessary for other associated fractures. They 
were characterized by a high incidence of trismus and involvement of eye, 
ear and antrum. 

There were 89 incomplete fractures of the mandible involving either 
the alveolus or lower border. They can usually be treated by complete 
clearance of bone fragments and closure of the mucosa or skin as the case may 
be. Dental fixation is not necessary and they are soon fit for duty. 


FRACTURES OF THE MAXILLA 


Maxillary fractures were present in one-third of the missile wounds in 
this series (220). They range from the small puncture wound of antrum to 
hideous disfigurements, with much tissue loss (Table VII). 


TABLE VII 


Fractures of Maxilla Caused by Shell Accidental Fractures of Maxilla 
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SHOWING TYPE OF FRACTURE 
Total State of Maxillary Block 





No. ot A 
Cases Mobile Floating Firm 
je So ar re wey. 2 & | 19 19 173 
With associated fractures of 
MIO eros osica es kod <s 73 24 49 


Fractures of Maxiliary Block seen to union 


Number seen through to union, 18 
Table showing influence of day of fixation on union time 


Mobile Floating 

Number of cases......... : 7 11 
Union Time (days after injury) 
Fixed within 14 days...... 27 (3 cases) 36 (8 cases) 
Fixed after 14 days........ 59.(4 cases) 53 (3 cases) 
Complications: 

WURNONE SEMEN 55-6. aiviw. } nw o.o 4.60 o slave ote 15% 

Cases needing Caldwell-Luc............ 2% 

Major hemorrhage (early and late)...... 10% 

MIEMIIINOD 0 i. ois, 6:8 oe ds wigs bs wie cos. 2 5% 

MENS Ge GAC AG co he hala acs he ween 5-10% 2-3 due to 


associated 
cranial damage 


SMA AR aa oy i oy 2 25% 
OA SO Se 5% 
RS EE Sn Seg ae 5% 
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SHOWING TYPE OF FRACTURE 
Total State of Maxillary Block 





No. of — 

Cases Mobile Floating Firm 
49 8 26 15 
20 3 12 5 


Accidentat Fractures of Maxillary 
Block seen to union 
Number seen through to union, 24 
Table showing influence of day of 
fixation on union time 
Mobile Floating 
6 18 


31 (5 cases) 28 (2 cases) 


21 (1 case) 46 (16 cases) 
Complications? 
Antral infection....... 8% 
Cases needing Caldwell- 
|B CP GN are eae pao 4% 
Tracheotomies......... 1 case 
PICRELS. cascohes oe 22 2 cases 
(avoidable) 
Associated injuries: 
SRO rg Avec eee 
MNO cc cek tos ne be Sas 40% 
Major limb fr......... : 16% 
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In 20 per cent the tooth-bearing segments are displaced and either “mobile” 
requiring a period of dental fixation in occlusion, or “floating” implying a 
maxillary block which is so loose that interdental fixation is not enough to 
control it ; the maxilla must, in addition, be supported by fixation to the skull. 

Apart from this, maxillary wounds are chiefly important because of com- 
plicating injuries. The most common of these is a fracture of the mandible 
which was present in 40 per cent of all cases. Eye damage—commotion, 
detached retina or direct injury—was present in 25 per cent of fractures of 
the maxillary block; 10 per cent had major hemorrhages; and fracture of 
the anterior cranial fossa with associated brain damage was a critical factor 
in nearly all the most serious cases and caused two-thirds of the deaths 
(5 or 10 per cent of all maxillary fractures). 

The treatment of the antral wound has been described—wound excision, 
bone clearance, nasal antrostomy and closure whenever possible. 

The treatment of cases with gross damage is to accelerate healing with 
the least possible deformity and without prejudicing later reconstructions. 
It is often possible to assist healing by carefully suturing the skin tags of a 
disruptive wound, and in some cases by mucocutaneous suture. 

The displaced upper jaw presents many special problems. Even the most 
freely mobile are almost always firm to testing after 30 days fixation, but 
this is misleading; a mandible that is clinically firm soon goes on to bony 
union, but the maxilla may long remain in a condition of tough fibrous union 
which yields over a period of weeks if fixation is released and may redisplace 
or become mobile again. 

It is, therefore, always necessary to reduce the maxilla into proper occlu- 
sion on the mandible at the earliest opportunity and keep it in position by 
I. M. F. until it is united. Even so, malocclusion recurs later in a pro- 
portion of cases but can then usually be successfully reduced by C. M. S. 
and powerful elastic traction or continuous traction in bed by weight and 
pulley. 

In a floating maxilla the nasal air-way is often blocked and if early 
I. M. F.. were done under military conditions a high proportion would 
require tracheotomy or they would die of suffocation. Table VII, and our 
experience, show that there is little disadvantage in maxillary fractures in 
delaying I. M. F. until the nose unblocks in five to ten days, so it has been our 
practice to do so, rather than do a prophylactic tracheotomy in most of the cases. 

The standard method of fixation for the floating maxillary block is to 
apply a C. M. S. with one to three rods projecting from it through the mouth 
and join these to a well-fitting P. O. P. headband incorporating a metal 
bracket, by universal joints and one to three stout vertical connecting rods. 
The whole system must be sturdy and rigid. 

When the upper jaw is edentulous or fractured in several places, and 
when there is an associated fracture of the lower jaw, the method must be 


modified accordingly. 
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Slight antral infection occurred in 15 per cent of the missile injuries but 
settled within six weeks on simple local treatment. Only 2 per cent of 220 
wounds needed a Caldwell-Luc operation, and this was not done before the 


sixth week. 


DEATHS 

The experience of World War I was that the chief causes of death in 
M. F. casualties were hemorrhage and suffocation in the early stages, and 
chest complication and secondary hemorrhage later. These are the causes 
of death in this series, too, but we believe that there are fewer deaths and 
that secondary hemorrhage is rare and seldom fatal. In the M. F. casualty 
the risks of treatment can, in inexperienced hands, be much greater than 
the risks of the injury. This holds especially for the anesthetic risks. A 
major factor in the reduced mortality has been the provision of an M. F. 
anesthetist experienced in the intubation difficulties and the postanesthetic 
care of the primary operation upon these cases. The decrease in secondary 
arterial hemorrhages to I per cent is attributed to thorough early surgery of 
bone fragments and soft tissues and to a well-organized ward care for these 
jaw casualties. 

The uncomplicated M. F. casualty is net often in urgent need of plasma 
or blood. In the Cassino battle, in which 220 M. F. casualties were treated 
in 12 days, only 10 per cent were given early blood or plasma, and in only 
about I per cent of these cases was transfusion life-saving. These measures 
have played a small part in reducing the mortality. 

The majority of the deaths from infective causes—secondary hemorrhage 
and pulmonary infection—had had full parenteral penicillin. We have little 
evidence that penicillin can further reduce the mortality in M. F. casualties 
which have had thorough surgery. 

Of this series of 1,000 jaw fractures 33 died. In 14, death was due to an 
associated grave injury of brain or spinal cord; and in four others (blast 
abdomen, infected hemothorax, sucking wound of chest, gas gangrene of 
thigh), the M. F. lesion was not a major factor in the death. 

There remain 15 cases in which the M. F. injury was the cause of death. 
This gives a gross mortality of 1-2 per cent for M. F. casualties with bone dam- 
age.* The pure mandibular open wound has a mortality of .5 per cent; the 
closed mandibular fracture caused no death in this series. The gross maxillary 
mortality was 9 per cent, due to the high incidence of associated fatal brain 
wounds. The mortality of combined wounds of the pharynx and jaws was 
6 per cent ; these were all injuries of the laryngopharynx; none of the oro- or 
nasopharyngeal wounds died or developed deep neck.or mediastinal infection. 

Half the total deaths occurred within the first week. The causes of early 
deaths were: 





* Mortality is less than .5 per cent if all wounds involving facial soft tissues and nose are 
included. 
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3 cases of hemorrhage: 

Vertebral artery. 

Innominate artery. 

Internal maxillary artery. 
case of suffocation. 

case of gas gangrene of muscles of mastication (also of brain) .* 
case of carotid thrombosis and hemiplegia. 
case of toxemia—a massive jaw wound, who also had a subdural 


hematoma.f 


a en | 





Of the seven deaths occurring after the first week, five were due to 
pulmonary complications. One was a ruptured false aneurysm of the internal 
maxillary artery (who also had an empyema and a fractured femur), and 
one a case of suffocation. 

Three of the pure M. F. deaths were due to avoidable accidents and 
occurred in.dark wards or tents full of fresh battle casualties. They serve to 
emphasize the need for a well-lighted recovery ward for M. F. cases. 

This experience indicates that in M. F. casualties, which reach C. C. S. 
level, the chief causes of early death remain in this war as in the last—hemor- 
rhage and suffocation; late death is, again, most commonly caused by pul- 
monary complications. 


SUMMARY 


The treatment of maxillofacial casualties in North Africa and Italy is 
described, with a note on the British Army arrangements for their care. 

One thousand jaw fractures are analyzed. Results and different methods 
of treatment are discussed. 

The rdle and importance of primary soft-tissue repair are stressed. 

The value of cancellous chip bone grafts in the surgery of the mandible 


is shown. 

The mortality, early and late (gross I-2 per cent), and the incidence of 
arterial secondary hemorrhage (1 per cent) in jaw wounds are given and 
analyzed. 


Our thanks are due to the Consulting Surgeons Brigadiers Weddell, Stammers, and 
Edwards, A.M.S., under whose direction and by whose help this work was done. 

The great majority of the anesthetics for these cases were given by Major G. K. T. 
Roche, R.A.M.C., to whose expert anesthesia the Unit has owed its low incidence of 
anesthetic complications. 

The treatment of the African and Italian casualties was made possible by the work 
of the Theater Staff—Sister P. Clutton Qaimns (R.), Cpls. Cordery and Parker, Pvts. 
Farwell and Waller, R.A.M.C., who made the complete arrangement for 100 to 500 
operations a month for 2.5 years. 





* Confirmed by autopsy section and culture. 
+ Died six hours after admission, 24 hours after being wounded. Autopsy showed 


a purulent pericarditis and a soft enlarged spleen. 
Major A. Green, A.D., Corps., and Capt. W. Grossman shared in the care of the 


African and Italian casualties. 
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REPAIR OF SOFT-TISSUE WAR WOUNDS 
Lr. Cou. Bensamin W. Rawtes, Jr., M.C., A.U.S.* 


APPROXIMATELY 85 to 9O per cent of uncomplicated soft-tissue war 
wounds can be closed successfully four to ten days after adequate débride- 
ment. *3 This policy of early closure was generally adopted in the Mediter- 
ranean Theater of Operations in the winter of 1943-44. At first only the 
uncomplicated wounds were so closed, but with the aid of penicillin to control 
infection and a blood replacement program to correct anemia, early repara- 
tive surgery of extensive and even complicated wounds also was undertaken. 
The general principles underlying this program have been reported by 
Churchill. This paper reports the experiences in a General Hospital in the 
Mediterranean Theater of Operations with the reparative phase of the man- 
agement of soft-tissue wounds. 

The goal of reparative surgery in an Overseas Theater is to obtain a closed 
wound: First, so that as many men as possible may be salvaged for further 
duty in the Theater; and, second, so that the reconstructive phase of wound 
surgery done in the Zone of Interior may be undertaken at the earliest pos- 
sible time. Repair of soft-tissue wounds may be undertaken (a) early (be- 
tween the fourth and tenth days); (b) late (after ten days); or (c) by a 
planned stage method which will be described. In any case, the actual repair 
is accomplished by either (1) approximation of skin edges; (2) skin graft- 
ing; (3) simple plastic procedures, such as advancement of flaps; or (4) a 
combination of the three methods. 


COMPARISON OF METHODS 

Early repair is more successful than late repair because of a low incidence 
of infection. Technically, it is also more easily accomplished and results in 
better function of the injured part because of minimal scar tissue formation. 
The contraindications to early repair are (1) frank purulent discharge from 
the wound; (2) presence of devitalized tissue in the wound; (3) redness, 
tenderness and induration about the wound edges; or (4) abnormal elevation 
of temperature. Experience during the Italian Campaign has shown that 
these contraindications are rarely encountered if débridement has been ade- 
quate, so that repair can be undertaken without delay. If there is only mini- 
mal infection present, the wound is allowed to “clean-up” with the aid of 
moist and resilient pressure dressing. This may delay repair beyond the ideal 
four- to ten-day period. In other cases the planned stage method of repair 
is carried out. The first stage consists of the removal of devitalized tissue 
and the drainage of pus pockets. Four to six days later the second stage 
(repair) is carried out, the viable tissues having been protected in the inter- 
vening period by the administration of intramuscular penicillin. The correc- 


* Associate in Surgery, Medical College of Virginia (on leave of absence). 
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tion of anemia with transfusion of whole blood plays an important part in the 
success of this method. 

Early repair is seldom complicated by serious infection for several pos- 
sible reasons: First, the wound by the end of the fourth day has developed 
a strong resistance to infection ; second, there is little chance for further wound 
contamination since the dressing applied after initial surgery is usually not 
changed until the time of reparative surgery; and, third, it is usually accom- 
plished with a minimum of manipulation or trauma. Partial or total failure 
results, on the other hand, in a greater percentage of late repairs because of 
infection. There are several reasons for this. The longer a wound is open, 
the greater chance there is for it to become contaminated and, therefore, for it 
to serve as a source of infection. In late repairs dissection is necessary into 
fresh tissues which have not developed resistance, since the wounds have to 
be excised in whole or in part and the edges undercut. The difficulty of 
hemostasis and the unintentional closure of some of these wounds under ten- 
sion are additional factors that increase the incidence of infection. 

Repair between the fourth and tenth days is technically more easily ac- 
complished than late repair because of the pliability of tissues due to the 
absence of excessive scar tissue at this time. This is very important in ex- 
tensive wounds when, even with minimal skin loss, there is wide separation 
of skin edges. These can usually be approximated early by simple suture, 
while if repair is delayed, the tissues become so contracted and fixed by scar 
tissue that skin grafting or other plastic procedures have to supplement wide 
undercutting of the wound edges before a closed wound can be obtained. 

Analysis of Cases——During the first three months of 1944 a careful check 
of early and late closure was kept on 691 wounds in 422 battle casualties. 
Results were classified as “A” when healing to all intents and purposes was 
per primam; “B” when healing was with minimal reaction, such as serum and 
stitch infections, but without loss of skin approximation; or “C’’ when there 
was gross infection with partial or total separation of skin edges. 

In 391 of the wounds, closure was by simple approximation less than 12 
days after débridement. Healing was classed as “A” in 370, or 94.6 per cent; 
as “B” in 15, or 3.8 per cent; and as “C” in 6, or 1.5 per cent. 

Closure was done late in 300 wounds. Sixty of them were closed by 
simple approximation but all were done 12 days or more after débridement. 
In this group healing was “A” in 37, or 61.7 per cent; “B” in eight, or 13.3 
per cent; and “C” in 15, or 25 per cent. Partial or total excision before 
closure was done in the remaining 240. Healing was classed as “A” in 180, 
or 75 per cent; as “B” in 31, or 12.9 per cent; and as “C” in 29, or 12.1 
per cent. The figures for the combined late group were “A” 72.3 per cent; 
“B” 13 per cent; and “C” 14.7 per cent. 


EARLY REPARATIVE SURGERY 


Preparation.—Patients with soft-tissue wounds usually reach the General 
Hospital in the Base by the third, fourth or fifth day after injury. Because 


210 














SO RRR RE EOLA PIL NI ILI Pam RAE. 


urgery 
» 1946 


the 


D0s- 
ped 
und 
not 


ure 








vase 12 SOFT-TISSUE WAR WOUNDS 


there are so many advantages of early repair, it has been described by Rogers® 
as a “surgery of necessity.” Operation is delayed long enough, however, for 
the patient’s condition to be checked and to allow him to recover from the 
fatigue resulting from his transportation. Blood values are determined when 
indicated and anemia, if found, is corrected by transfusions of blood. Addi- 
tional roentgenologic examinations were also made, if necessary, to determine 
the presence or location of metallic foreign bodies. If temperature is not 
abnormally elevated, the patients are taken to the operating room, preferably 
on the fourth or fifth day, and the wound exposed for the first time since 
initial surgery under aseptic conditions. Clinical judgment rather than bac- 
teriologic studies determines whether or not the wound should be closed at 
this time. Experience with the management of over 3,000 casualties with 
soft-tissue injuries has shown that this can be done successfully even when the 
wound surface appears “mucky.” We know that the surfaces of many of the 
wounds are contaminated and a bacteriologic report would only confuse the 
issue and unnecessarily delay repair. A majority of wounds are closed under 
intravenous sodium pentothal but if the operation is likely to extend much 
beyond 30 minutes, nitrous oxide-ether inhalation anesthesia is preferred. 
The skin about the wound is cleansed with ether and then painted with one 
of the accepted antiseptics. The usual wound in the early period has a 
freshly-cut appearance which “invites” repair. If blood clots are present, they 
are carefully removed. Small metallic foreign bodies not found at initial sur- 
gery are not searched for, unless it is felt that they can be readily located 
without too much disturbance of the wound or if their location near vital 
structures or joints may cause future trouble. They are rarely responsible 
for the failure of wound healing. 

Repair by Approximation of Skin Edges.—In the majority of soft-tissue 
wounds, closure is by the simple approximation of wound edges provided 
there has not been excessive loss of skin. Towards the end of the period in 
which early closure is possible the wound edges begin to roll in. If this is 
the case, they are gently freed up with a blunt instrument. Approximation 
is by simple or vertical mattress sutures of silk or silkworm gut on large 
skin needles. Wound edges are sometimes so widely separated because of 
edema that they cannot be reapproximated with these types of sutures. A 
far-near-near-far type of tension suture, such as is commonly used to close 
the skin of the chest wall after radical mastectomy, is of value under these 
circumstances. Approximation is made under moderate tension in violation 
of this principle of surgery because as soon as the wound is closed edema 
subsides and the tension is lessened before strangulation of the incorporated 
tissues takes place. An attempt is made to encompass the wound, or at least 
the open portion of it, with the sutures in order to obliterate dead space. The 
fascia is included in the sutures but no attempt is made to do a separate layer 
suture. Only occasionally is a symptomatic muscle hernia seen because of 
failure to. suture separately the fascia and these are usually small defects 
which are easily corrected if necessary. On the other hand, we feel that 
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routine layer closure would result in a higher incidence of infection because 
of the additional tissue dissection required and because of the presence of 
buried suture material. Obliteration of dead space is not difficult in the 
majority of wounds because of their anatomic location on the extremities, 
They are usually located in the long axis of the limb and the closure of the 
wound snugs the skin around the part and aids in obliteration. A resilient 
pressure dressing is of further aid. Wound drainage is only employed when 
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Fic. 1.—Case 1: Repair of wound by simple approximation five days after débridement of perforating 
wound. (A) At time of closure. (B) After removal of sutures 14 days after closure. 


deep pockets cannot be obliterated; when there is profuse drainage from a 
long perforating wound; or when there is surface infection, as is described 
in Case 3. Rubber tissue is the material of choice for drainage. 

The following case illustrates repair by reapproximation: 


Case 1.—(Fig. 1): An American soldier, age 19, was wounded in action in the 
right buttock by a high explosive shell fragment, February 29, 1944, on the beach- 
head at Anzio, Italy. The wound was perforating, with the wound of entrance on the 
lateral aspect of the buttock and the wound of exit on the mesial aspect of the upper 
thigh. Débridement was done at an Evacuation Hospital 16 hours after injury. A 
diagnosis of anaerobic cellulitis was made at this time. The tract was opened widely 
throughout its entire length, which necessitated almost complete division of the gluteus 
maximus muscle. He was evacuated by boat to a General Hospital, in Naples, where 
he was received March 3. He was found to be in good condition and delayed primary 
suture of the incised wound, which measured 33 x 7 cm., was done March 5 (five days 
after injury), under sodium pentothal intravenous anesthesia. The wound was clean 
and healthy in appearance. The wound surface was dusted with sulfanilamide powder 
and closed with silkworm gut sutures. It healed uneventfully except for minimal drainage 
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at the mesial angle. Sutures were removed on the roth postoperative day. The only 
chemotherapy was sulfadiazine by mouth for seven days after wounding. He was dis- 
charged to duty after reconditioning on May 11, 72 days after injury. 





Fic. 2.—Case 2: Repair of wound with extensive skin loss by partial approximation 
of skin edges and skin grafting eight days after débridement. (A) At time of repair. 
(B) At time of first dressing 12 days after repair. 


Repair by Skin Grafting—When skin loss or edema does not permit 
approximation of skin edges or only allows partial approximation, the wound 
is covered with a split-skin graft-in preference to rotation or advancement of 
skin flaps. We have rarely employed the latter method, but occasionally it 
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may be useful. Complicated plastic procedures are better undertaken after 
the wound has healed, edema has subsided, and the danger of lighting-up 
infection has passed. Skin grafting is nearly always successful on a fresh 
wound. The grafts are fitted to the outline of muscle groups and into pockets 
and crevices when necessary. A resilient pressure dressing is employed. 


Case 2.—(Fig. 2) : An American soldier, age 29, was wounded in action by a rifle 
grenade on March 18, 1944, at 2300 hours, on the beachhead at Anzio, Italy. He received 
multiple wounds but the most serious was an extensive avulsed type of wound of the 
right arm with severe compound, comminuted, fracture of the humerus. Débridement 
was done at an Evacuation Hospital shortly after injury. He was evacuated on March 
23 to a General Hospital, in Naples, where he was found to have an extensive soft- 
tissue defect on the right upper arm, measuring 30 x 22 cm., with numerous exposed 
fragments of bone in the wound and with copious drainage of serum. Intramuscular 
penicillin therapy in doses of 25,000 units every three hours was started, and the anemia 
was corrected with transfusion of blood in preparation for reparative surgery. On 
March 27 (eight days after injury) under nitrous oxide-ether anesthesia, with the aid 
of Major R. D. Butterworth in the management of the fracture, all loose bone fragments 
were removed, the main fragments interlocked, and exposed bone covered with muscle. 
The upper and lower ends of the wound were closed with silkworm gut, but a defect 
28 x 20 cm. remained. This was covered with small split-skin grafts which were fitted 
to individual muscles and into crevices. They were not sutured in place. A resilient 
pressure dressing and a plaster shoulder spica, with the arm at 80° abduction, was then 
applied. The wound was exposed through a window in the encasement 12 days later 
and found to be healing satisfactorily, with practically a 100 per cent take of the grafts. 
Unfortunately, the fracture of the humerus angulated slightly and a spike of bone had 
protruded in the center of the wound. The soldier was evacuated to the Zone of Interior 
on April 28 (41 days after injury) with a closed wound. 


CoMMENT: This wound was complicated by a compound fracture but it 
illustrates the repair of a wound with extensive loss of skin. Internal fixa- 
tion of the fracture probably would have prevented the protrusion of the bone 
through the wound, but this program had not been undertaken at the time. 
This patient later required bone and soft-part reconstructive surgery, but it 
was undertaken at a much earlier date. Also, as a result of the early repara- 
tive surgery, chronic infection and debilitation from the loss of serum from 
a large open wound was prevented. 


LATE REPARATIVE SURGERY 


Closure after the tenth day is not by choice, but either because of the 
contraindications previously described or because evacuation to the Base is 
delayed by chest, abdominal or other serious wounds beyond the period in 
which early closure can be done. The granulating wound often becomes in- 
fected as a result of repeated contamination at the time of change of dressings 
and is a frequent cause of failure of wound healing. Careful preoperative 
preparation is, therefore, necessary. Moist saline dressings or pressure to 
“dry out” the granulations are sometimes necessary to prepare these wounds 
for surgery. In the case of large or deep wounds the skin edges only are 
excised and undercut and approximation made over the granulating bed. This 
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eliminates much bleeding and reduces the extent of tissue spaces that are 
opened by dissection. In small wounds it is usually more satisfactory to 
excise the wounds en bloc. Because of fixation and scar tissue or because of 
loss of skin, wound repair often must be accomplished by skin grafting or 
other plastic procedures instead of by simple suture. As has been pointed 


out previously these procedures are more difficult and not as successful as 


when done early. 





_ Fic. 3.—Case 3: Repair by stage method. Gastrocnemius and soleus muscles removed 
six days after initial débridement and repair done five days later. (A) and (B) Shows 
appearance and function of leg 40 days after injury. 


STAGE REPARATIVE SURGERY 


Some wounds when seen in the General Hospital after initial surgery are 
found to be infected usually because of devitalized tissue that was not rec- 
ognized at the time of débridement or because of retained foreign material, 
usually nonmetallic. Many of these cases are handled by a planned two-stage 
procedure. Secondary débridement and the establishment of adequate drain- 
age is first done, and five days later the wound closed in the same manner 
as described for early repair. The viable tissues in the intervening time are 
protected against infection by systemic penicillin and anemia is corrected 
with transfusions of whole blood. Two case reports will best illustrate the 
details of this method : 

Case 3.—(Fig. 3): An American soldier, age 24, was wounded in action in the 
pusterior aspect of the upper third of the right lower leg by a high explosive shell frag- 
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ment, September 29, 1944, in Southern France. The wound was lacerating in type and 
divided the gastrocnemius and soleus muscles near their origins. Débridement was 
done at an Evacuation Hospital several hours later and a circular encasement applied, 
He was evacuated by air, September 30, to a General Hospital, in Naples. He was 
comfortable and in good general condition on admission. He was, therefore, scheduled 
for inspection of the wound and reparative surgery, if indicated, on October 3 (six days 
after injury). During the intervening period the temperature had been elevated between 
99° and 99.6° F., but because of the description of an extensive wound, this was not 
thought to be abnormal. When inspected in the operating room, the distal ends of the 
gastrocnemius and soleus, however, were found to be gangrenous due to ischemia. Both 
muscles with the tendo achillis were removed under intravenous sodium pentothal sup- 
plemented by nitrous oxide-ether inhalation anesthesia. The wound was dusted with 
sulfanilamide powder and a resilient pressure dressing with dry, fine-mesh gauze applied 
next to the wound. A posterior plaster splint completed the dressing. The patient had re- 
ceived penicillin intramuscularly in doses of 25,000 units every three hours since wounding, 
and this was continued. He was given 500 cc. transfusions of whole blood on October 
3. 4 and 6, to correct anemia, and on October 8 (five days after the first stage), under 
intravenous sodium pentothal anesthesia the 40-cm. longitudinal wound, made for removal 
of the gastrocnemius and soleus muscles, was closed with silkworm sutures. The ir- 
regular defect over the original wound, which measured 15 cm. in diameter and which 
could not be closed, was covered with split-skin grafts. A resilient pressure dressing 
with a circular plaster encasement was applied. Penicillin therapy was continued for 
seven days. Healing took place with minimal reaction and the skin grafting was 100 
per cent successful. Sutures were removed on the 12th postoperative day. Physiotherapy 
was started on November 7, and when evacuated to the Zone of Interior, December 23 
(87 days after injury), he was walking without aid and with only a slight limp. A 
letter received from the soldier, dated February 21, 1945, stated that he was getting 
along fine. 


ComMMENT: Because of the gangrene of the soleus and gastrocnemius 
muscles, serious consideration was given to amputation of the leg. This 
soldier now has a useful leg, with surprising ability and power of plantar 
flexion. 


Case 4.—(Fig. 4): An American soldier, age 28, was wounded in action in the 
anterior lateral aspect of the upper third of the right thigh by a high explosive shell 
fragment, May 25, 1944, near Cisterna, Italy. The wound was penetrating in type. 
Débridement of the wound and removal of the shell fragments was done shortly after- 
wards at an Evacuation Hospital, and the patient evacuated, on May 28, to a General 
Hospital, in Naples. Examination on admission revealed an acutely ill soldier with 
a temperature of 104° F., and a pulse of 112. Inspection of the wound, which measured 
8 x 3 cm., revealed old blood mixed with gas bubbles exuding from it. The area about 
the wound was acutely tender and swollen. A tentative diagnosis of anaerobic cellulitis 
rather than Clostridial myositis was made. 

Under ether inhalation anesthesia, the thigh was opened widely by an incision that 
extended from the suprapatellar region up the anterior lateral thigh to a point just below 
the anterior superior iliac spine, and then extending laterally and upwards for an addi- 
tional ten centimeters. An incision was made in the lateral aspect of the wound edge to 
afford adequate exposure. Hemorrhage had dissected between the tissue planes of the 
muscles of the anterior and lateral thigh, and the vastus lateralis and the muscular 
pertion of the tensor fascia lata were gangrenous. These were excised, muscle planes 
opened widely, and all clotted blood carefully cleaned out. The wound was filled with 
activated zinc peroxide paste, and a dry, fine-mesh gauze dressing applied. B. subtilis, 
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Fic. 4.—Case 4: Repair by stage method. Secondary débridement done three days after initial 


débridement, and repair completed 14 days later. (A) At time of repair. (B) Temperature curve 
immediately before and after closure of wound. (C) Appearance of wound 14 days after closure. (D) 


Soldier in January, 1945. 


Streptococcus viridans and micrococci were cultured from the wound. Penicillin, which 
he had received intramuscularly in doses of 25,000 units every three hours since initial 
surgery, was continued. A transfusion of 500 cc. of whole blood was given in the oper- 
ating room and a second on the return of the patient to the ward. There was such a 
profuse seropurulent discharge from the wound that the dressings had to be changed 
ot the end of three days and thereafter at similar intervals. There was a momentary 
drop in temperature after surgery but later it ranged between 100° and 103° F. The 
second stage (repair) was, therefore, delayed. On June 8, the dressing was found soaked 
in blood. The source was not found since all bleeding had ceased when the wound was 
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examined. In view of the hemorrhage it was decided that it would be wise to go ahead 
with wound closure in spite of the gross contamination of the wound surface and the 
elevated temperature. The blood values at this time were: red blood count 2,190,000, 
hemoglobin 7.5 grams per cent, hematocrit 22 per cent and serum protein 5.15 mg. per 
cent. He was given 2,000 cc. of blood in the next three days to correct the anemia. Re- 
approximation was done on June 11 (14 days after secondary débridement), under 
nitrous oxide-ether inhalation anesthesia. 

When old clotted blood was cleaned out from beneath the upper portion of the sartorius 
muscle preparatory to closure, there was a gush of arterial blood that carried a distance 
of 15 feet. This was found to be coming from a hole in the superficial femoral artery. 
The hole was obstructed with the nose of a Kelly clamp to control bleeding while suture 
ligatures of plain No. 1 catgut were placed. When tied, these satisfactorily closed the 
defect. The skin edges were then approximated under considerable tension with silkworm 
gut sutures. Small rubber tissue drains were inserted at several points. Following 
closure the temperature dropped to normal where it remained except for minor elevation 
up to 99° F. Penicillin was continued for seven days after closure. Healing took place 
with a minimum of reaction and sutures were removed on the 12th postoperative day. 
The patient was given a total of 5,000 cc. of blood. Physiotherapy was begun on July 2, 
and when he was evacuated to the Zone of Interior, August 21, his wounds were firmly 
healed but there was restriction of knee flexion to 90°. A letter received, dated January 
10, 1945, states that he has excellent function of the leg. 


CoMMENT: Surface infection in extensive wounds may cause a marked 
febrile reaction but, if gross devitalized tissue has been removed, repair can 
be successfully undertaken with the aid of penicillin and blood replacement 
therapy. We have had similar experiences in several other cases. Delay in 
closure in this case might have resulted in fatal hemorrhage from erosion of 
the femoral artery. Repair at a later date, also, would have been difficult 
and probably would have required skin grafting or other plastic procedures. 


AFTER CARE OF WOUNDS 


There are a number of things in the after care of repaired wounds which 
deserve to be stressed. The adjacent joints are splinted to insure rest of the 
part and a resilient pressure dressing is applied to aid healing by preventing 
the stasis of fluids in tissue spaces. Sutures are left in place from 10 to 12 
days, since healing is probably slower after either early or late delayed closure 
than after a primary closure. If the patient does not have an abnormal rise 
in temperature or discomfort in the wound area, the original dressing is not 
disturbed except for the removal of sutures, unless drains have been inserted. 
These are removed usually on the fourth postoperative day. When infection 
develops in a wound, conservatism is practiced. By the judicious removal of 
an occasional suture and the application of moist dressings of magnesium 
sulphate or boric acid solution, approximation may be maintained at least in 
part. Physiotherapy in the form of whirlpool baths, active and passive exer- 
cises, and heat is begun as soon as the wound is firmly healed. 


VALUE OF CHEMOTHERAPEUTIC AGENTS 


Penicillin is a valuable adjunct to successful reparative surgery. It is 
given intramuscularly in dosages of 25,000 units every three hours to nearly 
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all battle casualties from the time of their initial surgery until the condition 
of their wounds can be evaluated in the Base. Many of the less severe-soft- 
tissue wounds are repaired without further penicillin or sulfanamide therapy. 
The program of early soft-tissue repair was successfully underway before 
penicillin became generally available. Before then sulfadiazine was given 
orally to all battle casualties for seven days after injury. Penicillin is con- 
tinued for several days after the repair of wounds in which there has been 
extensive muscle damage, particularly as a safeguard against the development 
of Clostridial myositis. It is given in all cases treated by the stage method. 
Some wounds have been dusted with sulfanilamide powder when there was 
some question as to surface contamination but as more experience has been 
gained its use has been almost entirely discontinued. 


REHABILITATION OF THE LIGHTLY WOUNDED 


The lightly wounded form a valuable potential reserve for the Army, and 
if the greatest possible number are to be salvaged for further duty in the 
Theater, rehabilitation requires careful attention. The further a soldier is 
evacuated from the front and the longer he is away, the more difficult it is 
to return him to duty. Lightly wounded casualties are not evacuated any 
further to the rear than is compatible with adequate treatment and the tactical 
situation. In the General Hospital in the Base, efforts are directed towards 
weaning the patient from crutches and cane and from an inside hospital bed 
as rapidly as his condition will warrant. He is required to wear his combat 
shoes instead of slippers as soon as possible, as they apparently greatly aid 
in his rehabilitation by giving his feet proper support. Special attention is 
paid to the conditioning of quadriceps muscles because of the disability that 
results from disuse atrophy. This is particularly a problem when the wounds 
involve only one extremity. Natural favoring of the part causes the patient 
to limp, which increases the atrophy of the muscle. The atrophy further 
exaggerates the limp and the more he limps the greater the atrophy becomes. 
This vicious circle is sometimes difficult to break. He is moved to a ward 
tent where he sleeps on a cot as soon as his wounds do not demand active 
attention. This is usually between two or three weeks after injury in the 
more lightly wounded. This move is deliberately made as a part of mental 
reconditioning that is often necessary for return to duty even though suffi- 
cient inside beds may be available. If a patient spends his entire period of 
convalescence in one place, he is apt not to be keenly conscious of the im- 
provement he has made. ‘This procedure also allows the more recently 
injured casualties who require active therapy to be concentrated in one place. 
When he is a little stronger, he is evacuated to the convalescent section of 
the hospital, where he hikes, drills, takes calisthenics, participates in athletic 
contests and performs other duties about the hospital on a graded basis de- 
pending on his physical condition. Lectures are given by convalescent officers 
on the present tactical situation and on subjects of military science. The 
patient is usually held in this section for two weeks. He is checked at least 
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twice a week by his original ward surgeon to determine progress and to, 
determine when he is ready to return to duty. Every effort is made to build 
up a man’s unit pride by asking him questions about it or by commenting on 
its good record. Many men can be returned straight to duty from this sec- 
tion but others require additional reconditioning, and are sent to a recondi- 
tioning company for a period of three weeks. They are checked by a medical 
officer at the end of this time and, if not ready for discharge, are either held 
for an additional period or are returned to the hospital for further study and 
disposition by his original surgeon. 


SUMMARY AND CONCLUSIONS 


1. The goal of reparative surgery of soft-tissue war wounds in an Over- 
seas Theater of Operations is to obtain a closed wound: First ; so that as many 
men as possible may be salvaged for further duty; and, second, so that the 
reconstructive phase of wound surgery done in the Zone of Interior may be 
undertaken at the earliest possible time. 

2. Early repair is more successful than late repair because of a lower in- 
cidence of infection and, also, is more easily done because of the greater 
pliability of the tissues at the time. 

3. A two-stage plan of management is often employed in some wounds 
that are still infected or still contain devitalized tissue. The wound is cleaned 
up at the first stage and, five days later, it is repaired, infection having been 
controlled by intramuscular penicillin in the meantime. 

4. Repair in any case is accomplished by either (1) approximation of skin 
edges; (2) skin grafting; (3) simple plastic procedures, such as advancement 
of flaps; or (4) a combination of the three methods. 

5. Penicillin therapy and the correction of anemia with transfusions of 
blood are of great value as adjuvants to the repair of extensive or complicated 
wounds. 

6. Rehabilitation is stressed in order to salvage the largest possible num- 
ber of the more lightly wounded for further duty in the Theater of Operations. 
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PULMONARY EMBOLISM 


A STATISTICAL STUDY: WITH PARTICULAR REFERENCE TO THE VALUE OF 
CERTAIN PREVENTIVE MEASURES 


ConrapD R. Lam, M.D., anp Donatp H. Hooxrr, M.D.* 
Detrorr, Micx. 


FROM THE DIVISION OF GENERAL SURGERY, HENRY FORD HOSPITAL, DETROIT, MICH. 


Ir Is UNNECESSARY to point to the importance of the subject of pulmonary 
embolism to justify this study and report. Although several preventive meas-’ 
ures have become available during the past few years, the number of surgical 
patients who die from this cause is still too large. This review of the Henry 
Ford Hospital material was undertaken at the suggestion of Dr. Roy D. 
McClure. It is concerned with 118,611 operations performed in a 21-year 
period, from 1924 through 1944. Two hundred and eighty patients had 
pulmonary emboli, of which 78 were fatal. The complication was responsible 
for the death of one patient in each 1,500 operated upon for all reasons. 
The diagnosis was established by autopsy in 70 per cent of the fatal cases. 

The yearly incidence of embolic episodes is shown in Table I. The first 
two-thirds of this table is inserted more to show the source of the 280 cases 
analyzed than to give an absolutely accurate picture of the incidence of the 
complications over the entire period. It is well known that a wave of interest 
in a subject produces an increase in the number of diagnoses. For example, 
the table indicates that in 1937 there were only six nonfatal infarcts, while 
in 1941, with no increase in the number of operations, there were 30. For 
locating cases previous to 1938, we were dependent on the regular hospital 
indexing system. Since that time, the case numbers have been obtained from 
the minutes of the monthly surgical staff meetings which are attended by 
cperating surgeons, residents, interns and anesthetists. In these meetings 
there has been a reasonably thorough reporting and appraisal of all embolic 
complications. Attention is called to the fact that in the year 1930, before 
the days of heparin for clinical use, dicumarol, femoral vein ligation and 
early ambulation, there was not a single fatal pulmonary embolus, while in 
1943, when all of these preventive measures were available, there were eight! 
However, it can be stated that none of these eight cases was given specific 
prophylactic treatment. The fatal episode was without warning in seven 
cases; in the remaining case, death occurred before the recommended vein 
ligation was carried out. 

All cases, both fatal and nonfatal, have been tabulated with regard to sex, 
age, type of operation and the postoperative day of the attack. An analysis 
has been made of the chief symptoms of the cases who survived and two tables 
relating to fatal episodes are given. 

Sex.—In Table II, it will be noted that both fatal and nonfatal embolism 
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occurred more frequently in men than in women, the ratio being approxi- 
mately 3:2. This is in agreement with the Mayo Clinic study! of 172,888 
operations, which showed an incidence of 0.605 per cent of total embolism for 
men and 0.442 per cent for women. 

Age.—lIt is well known that the complication of pulmonary embolism 
affects the older age-groups most often (Table III). In this series, pulmonary 


infarct occurred only once in persons under 20 years of age. All embolic 


TABLE I 


YEARLY INCIDENCE OF EMBOLISM AND INFARCTION 


All Embclic Fatal 

Year Operations Episodes Embolisms 
oF RENE EOS Bingen ee a 5608 6 3 
Do tis ot kG ere hiw Web eo apts se 5479 9 4 
DMS sss ae cites cone Bip a ws A bee oS 5674 7 3 
1 > SER Re Rp arc ier 25 Cee eae eee 4926 10 4 
RE NS cl ce een hie a God winlgs wioieieie 5300 13 6 
Ns iis ta Weave cee ceieico lp vals le! Fos ce vie 5845 12 5 
SEAR Mine 2 8 Ae A Ce ogee 5147 4 0 
DPI Seiya ttle 6 ae ares iim toante vhs Tews aide re 4917 14 6 
SEINE Ey SP ae eee 4748 5 1 
co Ei MEARS Seger oer ane 3755 4 0 
2 aR eye GREE Se eee waren ee ae 5425 12 1 
rN tes. eit or Eh oe id Stole w 6066 14 4 
MSD Cee aS Seay case 5 okies 6056 13 4 
RE eee Atos Syl Wars a indine dc eacheee'> 6504 8 2 
DER ih rae sine lw aiorw'S Gre tes cies 6105 17 5 
SE ALE ak eG ais os akties eye ebb « 5106 25 4 
Reis ie Rea ss aw pivieiws 5835 2 5 
DRE: CRONE eee es an eg ea 6148 33 3 
MEGS! cree Gs bs eos tad iice pew os 6340 22 5 
Reo het salve nibs sis ders a> ae 6175 17 8 
od OO Se a 7452 11 5 

EE ee pee. ie eee ae 118,611 280 78 

TABLE II 


SEX INCIDENCE 


All Embolism Fatal Embolism 


_ SS tae era 166 46 
RUBEN Sic oss sca loo sieeve wie ote 114 32 

280 78 

TABLE III 
AGE INCIDENCE 

Age-Group All Embolism Fatal Embolism 
oc) OPA eg ne en a ee ON 0 0 
SDS ois os bh1s:65s,0 < ee eos ve 1 0 
DEEP tease ds 60S Vi wc cu'ss.0% 18 3 
SE a isa obinis on ois h Sicvaeleidts 57 8 
1 Oe Ee Pe ee 73 15 
GU ig hae os 65 iad 5 ba erere 62 17 
OE 5G Ua vin b wh vice oles 46 22 
FI Rascals Sais Role sw ss 0 20 10 
SP he Cs hank lets eh ew eiy 3 3 

280 78 
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TABLE IV 
INCIDENCE OF EMBOLISM AFTER CERTAIN OPERATIONS 
All Fatal Percentage 
Operation Number Embolism Embolism Fatal Embolism 

MUNIN Ae olay go Sloe oo. 0. ce wise pines. erie e500 7887 42 6 0.076 
RRs cis aiid si v0%0 9 Ciel Sd c'e 9 0d 9.6 wep 5199 39 12 0.23 
HysterectOMy......--eeeee eee ceeeeeeees 3833 35 6 0.16 
PRAISCVELECLOMY.. 6550.5 cess csc e eee ses 2883 24 6 0.21 
SURE MUEIEII 90's o.d.g\cie. + 06ia6 feiss e v2 900 sie 756 19 8 1.06 
Appendicectomy.......--.-.esseeeeeeees 5450 15 4 0.075 
BinIMMTITOPETALIONS, 65 .o.5i0ses ce seececcss 858 13 7 0.82 
A a era 448 8 3 0.67 
SNM EUEETAL SONIA 5\6.61c).a 9 4:2 6010'S 0 ore:0"s: 00 42.0 1461 4 3 0.20 
MR VOTEUIONE ss ciscs c 4',0/05'0.0'ec.ccie's cess 810 2 1 0.12 
Miscellaneous urology................0.. 13 6 
Miscellaneous trauma...............-+.. 12 1 
Amputations (lower ext.)................ 10 3 
SETMAESNII Mc 55. diviaiclp v/ale\eisie.oitg a0 bees ees « 6 1 
Miscellaneous gynecology..............-. 6 1 
Miscellaneous orthopedics................ 6 3 
Varicose vein operations................. 6 0 
RL MESENNRUR 0's ci6'5 4.0140 0 8i0i's'sv\0;0 4 015 016 3 0 
LR SMS Sees Ae ee 3 1 
POMIORTNOIGCCLOMY 5.55 ccc ceccscecceecss 2 1 
PINON soc ais, 05,0 o angels o'e.ewisie bes viele 12 5 

280 78 


episodes occurred most frequently in the fifth decade, while fatal embolism 
was noted most often in the sixties. It is evident that patients above the 
age of 40 must receive special attention. 

Type of Operation—Table IV presents a tabulation indicating the inci- 
dence of embolism following certain common operations. It was expected 
that abdominal operations would show the complication frequently, and head 
and neck operations not at all. This was the case. Gastric operations and 
prostatectomy were the worst offenders, showing an incidence of about one 
in a hundred for fatalities. On the other hand, the operation of thyroidectomy 
was not accompanied by a proven case of embolism. For cholecystectomy, 
the incidence is 1:500, for hysterectomy, 1 :600, and for hernia and appen- 
dicectomy, I :1300. 

Postoperative Day.—( Table V): It is interesting to note that there are 
two peaks of fatal embolism in this table, on the sixth and eleventh days. 
This would correspond to the time of getting patients up to go home at the 
end of one or two weeks, respectively. Early ambulation, as advised by 
Leithauser,? and others, should change this tabulation in subsequent years. 

Clinical Symptoms and Signs.—(Table VI): The cardinal sign of minor 
embolism is pain in the chest. The patient may say that it is in his back or 
“kidney,” but sooner or later it is evident that there is pleural irritation on 
one side or the other. The ratio of pain on the right side to that on the left 
was 5:3. Hemoptysis, physical signs and positive roentgenographic findings 
were each present in about half of the cases. A friction rub was noted in a 
third and an effusion was demonstrated roentgenographically or by thoracen- 
tesis in a fifth of the cases. 
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Circumstances of Fatal Episodes—The possibility of carrying out the 
Trendelenburg operation of pulmonary embolectomy has been the subject of 
much speculation. There is no report of a successful case in this country, and 
such an authority as Graham’ has stated that he is doubtful if the operation is 
ever indicated. Nevertheless, for those who may be interested, the interval 
before death and the time of day of the episode in each case are tabulated. 
(Tables VII and VIII.) Almost half of the cases died in less than ten 


TABLE V 


POSTOPERATIVE DAY OF EPISODE 


Day Nonfatal Fatal 
Denk eae Scie breil e hs see 3 2 
Eg I” Ree as een ne 2 0 
elena sista lelaserae stsinieate oa 6 Ob e ere 9 4 
"ee eS is ak esa es bu eb ewe 14 3 
kee ee See = 16 3 
Dene ice eyes sees kaos cau ade 18 9 
ESE ee en ee Ry 16 1 
SEOs ot eee Fees 15 2 
BPs Gia eik bates ena Bee ale wily vied 22 s 

We ars oak a bied ou wa ees See 13 0 

Reick ae cckie Wai e ioe aie Wire causes 7a ee 20 10 

DUE Geiss sso ob bebo es db winelsa'c.as 16 2 

SE SEAS en OP aoe ie Pe et as 12 2 

| ee i ee er eee 25 5 

RR coc tans bee UA oe oS ose ne 40 14 

DEAE ee ie ae eee en ngrE rad 27 4 

Ue eos ai a aie bce ie so cle ee 4-8 o's 12 14 

280 78 
TABLE VI 


SYMPTOMS AND SIGNS IN 222 NONFATAL EPISODES 


Number Per Cent 
Pain in: 
Se Ere eee 127 58 
SEI 6 sto pk cio niceo sakes 74 33 
PREM nae o.5.5-<5 Soca sds wcis sees 3 1 
ee en ee ee 3 1 
RN a cus 6 eis ob inne nlc bao 2 1 
MEN CX cy tc ¥n cob een ee 4 2 
Se Pee - 9 4 
222 100% 
Ce ere rit Dore rT 97 44 
DUMONT! As Si oraaiss dic ce a speenes 68 31 
MME OE ts Koay Cisrsis' aig are -oiesw wikis 43 9 
SENDS 5 EG a 5 50.5 ain cle se blnn' o bio ee 112 54 
Positive roentgenogram.............. 113 54 


minutes, three-fourths died in less than half an hour, and only to per cent lived 
more than an hour. Theoretically, it would be possible to operate upon a 
fourth of the cases. Less than half of these could have the services of a 
Staff Surgeon under ordinary circumstances, since 44 of the 78 fatal episodes 
took place during “off hours.” 

Effect of Treatment—tThe possibility of utilizing heparin to prevent 


224 





— 








PE UP: A 3 


gery 
1946 


the 
of 
ind 


val 
ed. 
en 














ee eee 


eH RE RE 


Volume 123 PULMONARY EMBOLISM 


Number 2 

thrombosis received early consideration at the Henry Ford Hospital. In 1924, 
Mason* ° used the drug in transfusions, and demonstrated that suitable doses 
gave protection against the clotting of blood which followed the intravenous 
injection of cephalin into experimental animals. He stated: “If clinical throm- 


TABLE VII 


INTERVAL BEFORE DEATH IN FATAL CASES 


No. of 
Cases 
Be WE STIR ro bong a5 SRG ee he OSs oaks Bo eee 18 
CON SR ay ee ee ee MO nara We Mir Sea, Sarr 16 
BS SM RETIRE ooo aisn io iota) 6. w Scarw Os ack, arb ea aree Uae aS eee 8 
er ER oI I, Nave 5. kna Soe RESO oa eed poke Seta 14 
Be IRIN SS as och aacvial are 8 bie, yh Wisin a Mae mire ee wee ew 13 
Pee ic 3. dats secs egrciel ad ere ¥ aie Rid le ee we ee 2 
eee MN ig S8a fia a5 ie Cosacab img sar Oe eee AIO oh Sia OG 1 
Rene RO ON 2 eto cuirni & 5 wb Ghagstns RSS Re BOSE Male ane 1 
oe Go se rr PO Nee 1 
PROU BUBUNU: 65:06 65°50 lar ake ip. alae Seeding hE ee 4 
78 
TABLE VIII 
TIME OF DAY OF FATAL EPISODES 
No. ot 
Cases 
“Office Hours” 
ee St a er oor Ts 13 
Pe Ae Ha A los 6 Soc. e dooce Die o/s buw'ole we. wiare Ga witha ok 12 
NO ENT MS 615 oan db Sd 9 Had REST DSS Oe ka rere 9 
34 
“Off Hours’’ 
OE a oo: ib! 0:4) eiv ia. 5) 50.6 Wobble bal Bie Seca om wore 10 
a | rn ra Ae 13 
92:00 miicnignt—S°OO ADM . 6... edie te nid ciao ev seeee 7 
DMN AMET A Ma wi0s 5 5.0 Soa ocd So kore so eed dio le diols ie 8 
Rr e TI RN e 5 reload 910-6, boside Si tidia es ih aes aly eran 6 
44 


TABLE IX 
RESULTS OF TREATMENT OF NONFATAL EMBOLISM 


Treated Cases 








Number of Nonfatal _ A Fatal Fatal with 

Year Operations Embolism Heparin Dicumarol Ligation Embolism Treatment 
BMI a oes! oie bea 5106 21 7 — _- 4 0 
|. SAS ae 5835 19 15 -- -— 5 1 
|) ie 7 6148 30 23 — -- 3 1 
SRA 6340 17 5 7 2 5 0 
PPE G eis, o'sc's.0'< 00s 6175 9 — 7 - 8 0 
Ly SRN 7452 6 1 2 3 5 0 
37,056 102 51 16 5 30 2 


bosis and embolism are comparable with experimental thrombosis and em- 
bolism, the anticoagulant offering so effective protection in one should be of 
use in the other.” Doctor McClure relates that three of his patients were 
treated with material furnished by Mason, but the crude product available at 
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that time produced such untoward reactions that its use was discontinued. 
When purified heparin became available in 1939, it was used extensively in 
patients showing thrombotic manifestations. This experience has been pre- 
sented in several reports.*® Other specific measures to be adopted were 
dicumarol administration and femoral vein ligation.® One group of post- 
operative patients has received special attention. These are the individuals 
who have had a nonfatal infarction, thus, indicating the presence of dangerous 
thrombosis. Twenty of the 78 fatal cases had a previous nonfatal episode, 
This number added to 202 (number of surviving patients) gives a total of 
222 nonfatal episodes. Seventy-two of these received treatment, and two of 
these died, giving a mortality rate of 2.8 per cent. On the other hand, 18, 
or 12.1 per cent of the untreated cases, died. At the Mayo Clinic,’® it was 
found that 18.5 per cent of patients with pulmonary infarct subsequently had 
a fatal embolism if no treatment was given. In a group of 63 such patients 
treated with heparin, there were only two deaths (3.2 per cent). 

If treatment is so effective, why does not Table I indicate a decreasing inci- 
dence of fatal embolism instead of showing a plateau? This question may be 
answered by the data presented in Table IX, and a brief analysis of the fatal 
cases during the past six years. 

The 30 fatal cases since 1939 had the following operations: Fracture of 
the neck of the femur, with or without nailing (five cases), hysterectomy 
(three cases), partial gastrectomy (three cases), cholecystectomy (five cases), 
hernia repair (three cases), appendicectomy (three cases), radical mastectomy 
(two cases), prostatectomy (two cases), partial resection of bladder, abdomino- 
perineal resection of rectum, spinal fusion, and phlebitis (no operation). There 
was no apparent warning in 25 cases, hence, they received no special treat- 
ment. Two of the remaining five cases did receive treatment but died in spite 
of it; one of these had a partial gastrectomy and the other an operation for 
perforated appendix. Each had a second and fatal embolism on the second 
and seventh days, respectively, of heparin therapy. One patient who had had 
a prostatic resection for carcinoma had a nonfatal infarct and was scheduled 
for femoral vein ligation. He was inadvertently given an enema in preparation 
for this operation and expired with massive embolism while expelling it. The 
mere diagnosis of phlebitis in one patient should have indicated active meas- 
ures against embolism—femoral vein ligation might have saved him. The 
fifth and last patient to be accounted for had been operated upon for hernia, 
and a warning pulmonary infarct had occurred. Although no purified heparin 
was on the market in this country at that time (1939), arrangements were 
Leing made to obtain some from Toronto. However, the patient (a doctor) 
was opposed to the new and relatively untried treatment and while delibera- 
tions were proceeding, a second embolism caused his death. 

In retrospect, what could have been done to avert catastrophe in the 25 
patients who expired without warning? Routine anticoagulant therapy should 
be considered. However, even if such treatment gave 100 per cent protec- 
tion, it would have been necessary to heparinize or dicumarolize 3,900 patients 
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to prevent the three appendicectomy deaths. The hemorrhagic complications 
in such a series would undoubtedly be notable. The plan is even less attractive 
when it is remembered that one of the appendicectomy cases was lost: in 
spite of heparin treatment. More care in looking for local signs of thrombosis 
in the legs and carrying out femoral ligation promptly, when indicated, should 
be of value. In this connection it should be pointed out that the figure 
of five for femoral vein ligation in Table IX represents only a fraction 
of those operations which have been performed during the past three years. 
The cases which had early ligation never had any kind of embolism, and, 
hence, were not included in the tabulation. However, since dangerous throm- 
bosis can occur without producing signs or symptoms, even the extensive use 
of femoral vein ligation leaves many patients unprotected. A prophylactic 
procedure which can be easily applied to all, or nearly all, operations is needed. 
Early ambulation may be the answer. Many surgeons are getting their patients 
up on the first day and are noting an absence of embolic complications. If 
incisions have been properly placed and nonabsorbable suture material has 
been used, it should be perfectly safe for patients who have had appendicectomy, 
hernia repair, cholecystectomy, gastrectomy or hysterectomy to be up on the 
afternoon of operation. It will be noted that 17 of the 25 cases under dis- 
cussion had the operations just enumerated. It may be that fractures of the 
femoral neck, prostatectomies, radical mastectomies, spinal fusion and resec- 
tions of the rectum will require some modification of the early ambulation 
program. It is probable that even these patients can be protected by appro- 


priate means. 


SUMMARY AND CONCLUSION 


A study has been made of the fatal and nonfatal embolic complications 
which occurred in a series of over 100,000 operations. Predisposing factors 
have been noted with regard to age, sex and the type of operation. Since 
the adoption of anticoagulant therapy and prophylactic femoral vein ligation, 
there has been a very low mortality rate in cases selected for treatment. 
However, these measures have not prevented a number of sudden and un- 
expected fatal embolisms. Early ambulation offers the most promise as a 
preventive measure easily applicable to the majority of surgical patients. 
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CONGENITAL CYSTIC LUNG 
SUCCESSFUL PNEUMONECTOMY IN A THREE-WEEK-OLD BABY 
Rosert E. Gross, M.D. 


Boston, MassacivuseEtTs 


FROM THE DEPARTMENTS OF SURGERY OF THE CHILDREN’S HOSPITAL AND THE 
HARVARD MEDICAL SCHOOL, BOSTON, MASS. 


CysTIC DISEASE OF THE LUNG occasionally appears as a consequence of 
inflammatory reactions. Cicatricial tissue around bronchi, bronchioles, and 
alveolar ducts can produce obstructive emphysema of a bullous type, so that 
cavernous spaces of considerable size develop in the pulmonary parenchyma. 
When examined roentgenologically, such a lung will show the mottled and 
increased density of pulmonary infection and, in addition, will indicate the 
interspersed cystic areas. If the patient is seen for the first time at this early 
stage, it is impossible to determine whether the cysts are of congenital origin 
and the infection superimposed thereon, or whether the cysts are the product 
of the pneumonitis. If such a patient survives for a protracted period—as is 
frequently the case—the more active portions of the inflammation can dis- 
appear and give little or no shadow in the roentgenogram, whereas some 
persistent scarring can maintain the cystic process. Hence, at a late stage 
the postinfectious origin of the cysts can be appreciated only if a history of 
pneumonitis is obtainable or if the lung comes to microscopic examination by 
a competent pathologist. 

Lung cysts may also be of congenital origin, though these are probably less 
common than the acquired form. There have been adequate descriptions of 
specimens which have been removed surgically or which have been found at 
autopsy. Such an abnormality of the lung may arise as a solitary, globular 
structure from an accessory bronchial bud and thus appear as a pedunculated, 
balloon-like affair, situated between pulmonary lobes or else projecting in 
front of or behind the lung root. More frequently, cysts develop within the 
lung substance and under such circumstances they are quite apt to be multiple. 
The lining membrane is composed of a bronchial epithelium, the individual 
cells of which are mucous-secreting, ciliated, and columnar in type. This 
histologic feature positively identifies the cyst as being congenital in origin. 
Beneath the lining membrane there may be a thin layer of smooth muscle and 
possibly bits of irregularly placed cartilage. There may or may not be 
some superimposed infection. Congenital lung cysts are occasionally bilateral, 
but fortunately they are more often limited to one lung. 

Some congenital cysts of the lung have little clinical significance. If they 
do not become infected and if they are small enough to leave the physiology 
of the lung undisturbed, their existence is of little more than academic interest. 
Their presence may be incidentally discovered by roentgenologic examination 
of the chest ; they can persist for many years with no ill effects on the patient’s 
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health. However, not all congenital cysts run a benign course ; they may give 
rise to complications, principally of two sorts. In the first, infection of the 
cyst wall or suppuration within its lumen may he extensive and serious. [py 
the second, the cyst (or cysts) is connected to the respiratory tract by a rela- 
tively small or angulated passageway, so that air enters and becomes entrapped 
within the cavity. Thus, a positive pressure can be built up within the cyst 
(or cysts) so that the structure becomes greatly distended and compresses 
adjacent lung tissue, and possibly displaces the mediastinal organs to the 
opposite side of the chest. Hence, it is obvious that respiratory distress can 
be extreme, and indeed the situation may be incompatible with life unless 
some form of relief is promptly instituted. 

Respiratory embarrassment from increased tension within lung cysts 
could be relieved in one of several ways: 

1. A needle can be passed through the chest wall and into the cyst cavity— 
permitting quick withdrawal of entrapped air. Resulting improvement in 
the patient’s condition is apt to be immediate and dramatic, but is only tem- 
porary since air will almost certainly reaccumulate. Furthermore, a puncture 
of the cyst wall is prone to allow subsequent escape of air from the cyst into 
the pleural space—thus, complicating the general picture in the ensuing few 
hours. Without doubt, aspiration of a distended cyst may be a life-saving 
procedure, but it should be done only with a very fine-bore needle and prob- 
ably should be employed only as a temporizing measure while preparing for a 
more adequate treatment of the lesion. 

2. A trocar can be introduced through the chest wall and into the cyst so 
that a catheter may be threaded into it for establishment of prolonged aspira- 
tion. In this form of treatment, it would be preferable to employ a small 
mushroom catheter, so that its bulbous end could be pulled up against the 
inside of the cyst wall and prevent escape of air into the pleural space. Con- 
stant application of suction to the catheter should keep the cyst completely 
collapsed—even for a protracted period—and this should be of value while 
preparing for more extensive surgery. It is tempting to think that congenital 
cysts might be sclerosed by introduction of appropriate fluids through a 
catheter, but the communication with a bronchus would obviously preclude 
such therapy. 

3. Marsupialization of the cyst onto the chest wall and destruction of its 
lining membrane by curettage, cauterization, or packing has many points in 
its favor as a method of treatment. However, an external opening intro- 
duces a considerable hazard, because infection might gain entrance to the 
regional lung substance and this might be difficult to control. The greatest 
objection to the method is the fact that congenital lung cysts are prone to be 
multiple and, hence, the treatment of one cyst—even though successful in 
obtaining its obliteration—is apt to be followed by the subsequent formation 
of additional cysts in the nearby lung tissue. Hence, marsupialization should 
be practiced only when the surgeon is quite sure that he is dealing with a 
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Yotame 18 CONGENITAL CYSTIC LUNG 

4. Enucleation of a pulmonary cyst, or removal of pulmonary tissue con- 
taining it, is by far the treatment of choice. The extent of the cystic disease 
will determine how extensive a resection of lung substance will be required. 
Local resection, lobectomy, or even pneumonectomy may be necessary. In 
general, as much lung tissue as possible should be saved, but an adequate 
margin must be removed to insure complete removal of all abnormal structures. 

In the case herein reported, a left total pneumonectomy was performed 
for respiratory distress resulting from congenital cystic disease of the lung. 
Though the baby was but 23 days of age, and weighed only 6 lbs. 4 oz. (2.8 
kilos), the operation was tolerated in a surprisingly satisfactory manner. 
Likewise, the postoperative recovery was prompt, uncomplicated, and most 


gratifying. 


Case Report.—W. W. was a three-week-old, male infant, who entered the hospital, 
December 7, 1944, having been referred by Dr. Eli C. Rodman. On the fourth day of 
life the child was noted to be breathing in an abnormal and slightly labored way, but 
there was no cyanosis. During the following days the respiratory rate was known to 
be definitely elevated, and this symptom gradually increased in severity. On the day 
of hospitalization dyspnea had become quite pronounced, and the child was moderately 
cyanotic. On examination by the family physician, the color was found to be poor, 
the breathing was very rapid, and the pulse was quite fast. Immediate hospitalization 
was recommended. 

Physical examination showed the following points: The weight was 6 Ibs. 4 oz. The 
temperature was normal. The baby tended to lie with his head thrown back, and was 
obviously using the accessory muscles of respiration. The alae nasi dilated during res- 
piratory efforts. The color was fairly good, except during periods of straining and 
crying when there was moderate cyanosis. The respiratory rate was counted at 110-120, 
the pulse was 140 per minute. There was no percussible area of cardiac dullness on 
the left. Lateral to the right lower border of the sternum there was dullness, which 
presumably represented a dextro-position of the heart. This observation coincided with 
the finding of normal cardiac sounds to the right of the sternum and only very faint sounds 
to the left of the sternum. The respiratory excursion of the left side of the chest was 
diminished as compared to that of the right. There was slight intercostal and supra- 
clavicular retraction over the right side of the chest. There was increased resonance 
over the left lung anteriorly and posteriorly, with apparently normal resonance over 
the right lung field. The breath sounds over the entire left lung were extremely faint. 
Over the right lung the breath sounds were of normal quality. 

Roentgenologic examination of the chest showed the left hemithorax to be increased 
in volume, with depression of the left dome of the diaphragm. Within the left lung 
substance there appeared to be a large, air-containing sac with a thin and sharply 
cutlined, smooth wall (Fig. 1). This cystic structure occupied a large part of the 
left hemithorax, but there was some compressed lung tissue at the left base and at the 
left apex. Some of the left: lung appeared to be herniated across the midline of the 
chest. The mediastinum was markedly shifted toward the right, the heart was in a 
dextro-position, and the right lung was considerably compressed. The findings suggested 
a cavity within the left lung which was filled with air under positive pressure. In 
order to rule out a left diaphragmatic hernia, a swallow of barium was given and 
appropriate films excluded any possibility of such a malformation. 

Course: Because of the marked respiratory distress and the intermittent cyanosis, the 
child was placed in an oxygen tent, and carefully observed for a period of 24 hours. The 
respirations were slightly improved with the administration of oxygen and diminished 
to 90-100 per minute. For the most part, the cyanosis was fairly well-controlled, though 
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at times the baby was dusky, particularly during episodes of squirming, straining or 
crying. It became clear that air had become entrapped under positive pressure within 
the cyst of the left lung and that some form of mechanical relief was essential. Needling 
of the cyst was avoided, because of the belief that its beneficial effects would be temporary, 
and that it would be accompanied by the danger of allowing air to escape into the pleural 
cavity, which might thus complicate the general situation. 





Fic. 1.—Preoperative roentgenogram of the chest, showing large cyst in the left 
lung, marked displacement of the heart to the patient’s right, and compression of the 
right lung. (Cyst indicated by arrows) 


Operation was decided upon, with three general plans of therapy in mind: 1. If the 
cyst should be found arising from a separate bronchial stalk and lie outside of pulmonary 
tissue, amputation of it should be relatively simple and effectual. 2. If the cyst lay 
within one lobe of the lung, this entire lobe could be sacrificed and lobectomy would be 
the method of choice. 3. If the cyst lay within the left lung so that it involved its hilum, 
then the entire lung would be removed. It was definitely decided before operation that no 
attempt would be made to peel out a lung cyst which might reside within pulmonary 
substance, since such a dissection would lead to extensive hemorrhage or would be fol- 
lowed by multiple bronchial fistulae, empyema, or uncontrollable pneumothorax. It 
was our conviction that any such dissection of a cyst out of lung tissue would entail an 
operative procedure of too great magnitude for a tiny and seriously ill baby. 
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Operation: With a tightly-fitting face mask, and without a laryngeal tube, cyclo- 
propane anesthesia was induced, and was tolerated extremely well. A left anterolateral 
thoracotomy was performed in the fourth interspace. The opening of the chest was ex- 
tremely simple; it was not necessary to remove any rib or to cut the costal cartilages, 
since the bony and cartilaginous structures in the infant were so soft and yielding 
that the insertion of a self-retaining retractor permitted an adequate exposure. The 
normal lung contour was altered by the presence within it of a golf ball-sized, air-filled 
and tense cyst which lay largely within the lower part of the upper lobe but which 
extended well into the hilum of the lung. The left lower lobe was compressed and 
atelectatic, as was the apex of the upper lobe. Situated around the periphery of the 
main cyst, particularly toward its superior border, there were several smaller cysts, 
2-4 mm. in diameter. Two things seemed evident: First, that the main cyst was so 
large and extended so far into the root of the lung that it would be impossible to perform 
an upper lobectomy without damaging the root of the lower lobe. Second, that any 
removal of the main cyst (even though this might be feasible) would still leave some 
of the tiny cysts in adjacent lung tissue which might conceivably develop at a subsequent 
time and give further trouble. Total pneumonectomy was, therefore, decided upon. The 
cyst was deflated with an aspirating needle; this greatly facilitated the subsequent steps. 
There were no pleural adhesions over any part of the lung surface. The pneumonectomy 
was performed with ease since there was no inflammatory reaction in the root of the 
lung, and the dissection could be carried out quickly. Individually, arteries and veins 
were doubly tied with No. 00000 Deknatal silk and were divided. The left main 
bronchus was doubly clamped and then divided between these instruments. The bronchial 
stump was sewed over-and-over with a continuous No. 00000 Deknatel silk which was 
carried on a small, atraumatic needle; this gave a satisfactory and tight closure. Flaps 
of parietal pleura were now mobilized anteriorly and posteriorly and brought together 
with interrupted fine silk sutures so as to cover over and completely bury the bronchial 
stump within the mediastinum. A small urethral catheter was placed within the pleural 
cavity and the chest was closed with continuous No. 000 chromic catgut to the intercostal 
muscles and continuous No. oo00 chromic catgut to the severed pectoral muscles. 
Interrupted silk sutures were placed in the subcutaneous tissues and skin. Just before 
the last cutaneous sutures were placed, suction was applied to the inlying catheter and 
all air was sucked out of the left pleural cavity. The catheter was then quickly with- 
drawn and the remainder of the skin was tightly closed. The infant stood this procedure 
quite well, but was given a transfusion of 40 cc. of citrated blood at its conclusion. 

Postoperative Course: Following operation the child was replaced in an oxygen 
tent for 24 hours. On the evening of the day of operation, sips of saline and glucose 
were given by mouth, and were retained. On the following day oral feedings were 
started, providing about half of the normal caloric and fluid requirements. At the end 
of 48 hours the child was taking full feedings by mouth without any difficulty. The 
color was good throughout the postoperative course, except for a period of several hours 
on the sixth day when the oxygen tent was temporarily- resumed. The general vigor of 
the baby during the postoperative course was extraordinary. The temperature rose to 
tor® F. (rectal) 24 hours after operation, but gradually subsided to normal by the 
fifth day. The respiratory rate was elevated to 60 or 70 per. minute, but gradually dimin- 
ished during the following ten days to a level of 50 or 60, with occasional peaks to 65. 
Following operation the baby was given intramuscular injections of penicillin, totaling 
32,000 units per 24 hours, for seven days. The chest wound healed per primam (Fig. 2). 
There was no evidence of empyema or bronchial fistula at any time. A moderate amount 
of fluid accumulated in the left pleural space, but this was not sufficient to require tapping 
of the chest. The weight-gain was satisfactory and progressive. The weight upon 
admission had been 6 lbs. 4 0z.; it rapidly increased to 7 Ibs. 6 oz. at the time of hospital 
discharge, on the fifteenth day. 
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For the first few days after operation the superficial veins over the right side of 
the scalp and the right side of the neck were distinctly distended when compared to 
their preoperative condition and to the postoperative condition of the left side of the 
head, neck, and shoulder. Presumably the postoperative shift in the mediastinum had 
angulated and partially obstructed the veins as they entered the right side of the upper 
thorax. This superficial venous congestion gradually diminished, and by the end of six 
days had entirely disappeared. 





a esa 


Fic. 2.—Photougraph ot baby on tenth postoperative day, showing 
primary healing of chest wound. 


During the seven months that the baby has been followed since hospital discharge, 
there has been no evidence of embarrassment by loss of the left lung. The child’s color 
has constantly remained good; the respirations have been quiet and unlabored. The 
baby feeds normally and appears to be a bright, active, and normally developing infant. 
At six months of age the weight was 15 pounds. Figure 3 shows the excellent general 
condition of the child at that time. Repeated examinations since operation have shown 
the heart well out to the left side of the chest and the apex beat can be felt and heard 
in the left axilla. Roentgenologic examinations have shown the mediastinum shifted to 
the left, so that the right lung has been satisfactorily aerated. Films have shown some 
fluid in the left pleural space, which has gradually disappeared over the course of a few 
months. Figure 4 indicates the roentgenologic findings six months after operation. 
Because of fear that deformity might follow in the chest of such a young child after a 
complete pneumonectomy, particular attention has been paid to the development of the 
thoracic cage. The respiratory movements have obviously been more marked on the 
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right than on the left, but the thorax appears to be reasonably symmetrical and there 
no important scoliosis of the spine. 

Pathologic Examination—Dr. Sidney Farber and Dr. James Arey: The lung con- 
tained an almost spherical cyst, approximately 5 cm. in diameter, which replaced most 
of the left upper lobe and which greatly compressed the lower lobe. Scattered around 
the periphery of this were multiple small cysts, each a millimeter or two in diameter. 
After fixation in formalin, the lung was sectioned and the general findings indicated in 


is 





Fic. 3.—Photograph of baby six months after operation. There is no 
apparent deformity or asymmetry of the chest. 


Pe) 
was thrown up into a few low trabeculae. Several tiny, pinpoint openings led out of 


the main cyst into some of the smaller cavities previously described in the adjacent upper 
lobe substance. No cysts were found in any part of the lower lobe. A tiny hairpin 
probe could be passed by a tortuous route from the main cyst into the upper lobe bronchus. 

Microscopically, the wall of the large cyst was found to be lined by ciliated, columnar 
epithelium, supported on an abundant, loose, connective tissue base (Fig. 6). Surrounding 
this were scattered bundles of nonstriated muscle. In some areas, islands of cartilage 
could be demonstrated in the wall of the major cyst. In a few places, some mucous- 
secreting glands lay deep in the wall and were scattered through and outside of the 
smooth muscle layer. Some sections showed the tiny, secondary cysts around the periphery 
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Figure 5 were noted. The main cyst was lined by a thin, but rather tough layer, which 
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ic, 4.—Koentgenogram, six months after operation. The heart is drawn to the 
left side of the chest. The upper part of the right lung has ballooned over into the apex 
of the left pleural cavity. 
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Fic. 5.—Photograph of sectioned lung, with large, central, congenital cyst. 
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of the main cavity, from which they were separated by the smooth muscle layer. These 
were, likewise, lined by a ciliated, columnar epithelium, and in some instances a direct 
communication could be demonstrated with the large main cyst (Fig. 6A). Other sections 
taken from the upper lobe showed additional small, congenital cysts, the openings of 
which could not be found. This cystic change through the pulmonary tissue was much 
more extensive than had been suggested by the gross appearances of the specimen. 
Some of the sections showed mild edema or extravisation of red cells into alveolar 
tissue of the surrounding lung, which were probably secondary to the trauma of oper- 





CYST 
CAVITY 


Fic. 6.—A. Low power photomicrograph showing cyst lining and the opening to a secondary cyst. 
B. Higher magnification, showing ciliated columnar epithelium, from the main cyst wall. 


ation. There was no important inflammatory change in any of the material which 
was studied. 


SUMMARY 

A brief report is made of a three-week-old baby with congenital cystic 

disease of the left lung, who was treated by total pneumonectomy. In spite of 

the child’s small! size, he withstood the operation in a very satisfactory manner 
and has had an uncomplicated postoperative course. 
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DELAYED INTERNAL FIXATION OF COMPOUND BATTLE 
FRACTURES IN THE MEDITERRANEAN 
THEATER OF OPERATIONS 


CASE HISTORIES WiTH ILLUSTRATIONS 
A FOLLOW-UP STUDY IN THE ZONE OF INTERIOR 


Lr. Cou. Oscar P. Hampton, Jr., M.C., A.U.S. 


CONSULTANT IN ORTHOPEDIC SURGERY, MEDITERRANEAN THEATER OF OPERATIONS, U. S. ARMY. 


Part II 


THE CASE REPORTS are presented to illustrate the classifications of indica- 
tions and results as they are compiled in the tables of data. While the reports 
have been made brief, the principles of reparative surgery of compound frac- 
tures including those for the use of delayed internal fixation are illustrated 
frequently. 


Case 1* (see Plate /) 
Indication—Obligate-1: Bone loss producing a segmental defect. 


Result—A: The fracture united and the wounds healed, without sequestration or 
removal of metal. 


Diagnosis: 1. Fracture, compound, comminuted right humerus lower part of mid- 
shaft, with segmental loss of bone. 2. Laceration of median and ulnar nerves. 





Wounded: October 20, 1944, missile—not recorded. 


Reparative Surgery: On November 1, 1044, additional devitalized tissue including 
several totally loose bone fragments was excised. A manual effort to reduce the fracture 
and hold it by a spica encasement was unsuccessful. 


On November 12, through the unsutured compounding wound, the ends of each 
fragment were squared to maximize the surface for bone contact, which was achieved 
by fixation with three wire loops. The resultant shortening was about two inches. A 
pressure dressing held soft-parts partially over bone but suture was not performed. 


On November 20 the wound was partially sutured and a skin flap was rotated so as 
to cover all denuded bone. He was evacuated to the Zone of Interior in early December, 
in a “hanging cast.” 

Zone of Interior Record: On arrival, all bone was covered, but there was an un- 
healed granulating area. The wound healed and the fracture united promptly without 
sequestration or removal of metal. 





* This patient was managed by Major Herbert W. Harris. 
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Piate I.—Case 1: A. A. P. view on admission to Base Hospital. Note bone loss and defect. 
B. Lateral view on admission to Base Hospital. Note bone loss and defect. 
C. A. P. view after fixation. 
D. Lateral view after fixation. 

; P. view after bony union and wound healing, without sequestration or removal of metal. 
F. Lateral view after bony union and wound healing, without sequestration or removal of metal. 
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Case 2* (see Plate II) 


Indication—Obligate-1: Bone loss creating a segmental defect of bone, without con- 
tact of fragments. 

Result—E: The fracture did not unite but the wound healed, without sequestration 
or removal of metal. 

Diagnosis: 1. Fracture, compound, comminuted right humerus, with loss of bone. 
2. Laceration of radial nerve. 

Wounded: May 6, 1944, by high explosive shell fragments. 

Reparative Surgery: About May 14th a septic compounding wound was revised, 
excising the residual dead tissue. A segmental bone defect was present. The fragments 
were approximated by two wire loops. The severed radial nerve was located, approxi- 
mated by a single suture, and transplanted to a bed in healthy muscle. Muscle was 
sutured so as to cover all denuded bone and the nerve. The skin was partially closed. 
The wounds healed. On July 13th he was evacuated to the Zone of Interior in a 
shoulder spica. 

Zone of Interior Record: On admission, all wounds were healed. The fracture did 
not unite. On January 23, 1945, bone grafting of the humerus and definitive suture of 
the radial nerve were performed. The wire loops were removed at that time. 





* This patient was managed by Major Joe M. Parker and Lt. Col. Henry G. Schwartz. 
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PLate II.—Case 2: A. A. P. view—15 July, 1944—in the overseas hospital. 


B. Lateral view—15 July, 1944—in the overseas hospital. 
C. Lateral view—19 January, 1945—showing the nonunion. 
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Case 3” (see Plate II1) 

Indication—Obligate-1 and 2: Distraction and failure to achieve reduction. 

Result—B: Fractures united and after removal of sequestra and metal the wounds 
healed. 

Diagnosis: Fracture, compound, comminuted distal third, left radius and ulna. 

Wounded: May 31, 1944, by high explosive shell fragments. 

Reparative Surgery: Partial wound closure and manipulative reduction, about June 
10, were not successful. Necrotic bone presented itself in the septic wound. On August 
12, 1944, the necrotic bone ends were excised back to bleeding bone, the fragments of 
each bone were approximated and fixed in reduction by plates. The resultant shortening 
from bone loss and death of bone was about three inches. The wounds were closed with 
drainage. 

Zone of Interior Record: On admission, October 22, 1944, the wounds were drain- 
ing but the fracture site was stable and was uniting. On December 7, 1944, sequestra 
and the metal were removed, after which the wounds healed promptly. Plastic tendon 
surgery was planned. 





* This patient was managed by Major Allen Collom. 
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PLATE III.—Case 3: A. A. P. and lateral views, 14 July, 1944—five weeks after plating. 
B. A. P. view—18 September, 1944—five weeks after plating. 
C. Lateral view—18 September, 1944—five weeks after plating. 
D. A. P. and lateral views, 6 January, 1945. The fractures are united and the wounds are healed. 
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Case 4* (see Plate IV) 


Indication—Obligate-2 and 1: Failure to obtain reduction by other measures (trac- 
tion) plus persistent distraction. (Fixation in presence of established sepsis.) 

Result—A: The fracture united in anatomic alignment, and the wounds healed 
without sequestration or removal of metal. 

Diagnosis: 1. Fracture, compound, comminuted left femur midthird. 2. F. C. C. 
left patella with septic knee joint (not here considered). 

Wounded: February 16, 1944, by multiple high explosive shell fragments. 

Base Hospital Record: On admission, February 20, all wounds were septic. Addi- 
tional devitalized tissue was excised, the wounds were left open, femoral skeletal traction 
was instituted. The fracture distracted and sepsis continued. From February 20 until 
March 14 he received 3,000 cc. of whole blood. 

Reparative Surgery: On March 15 (he received 2,000 cc. of blood that day) fascial 
plane and fracture site abscesses were drained, totally loose bone fragments were removed 
and the fracture was stabilized in reduction by a long bone plate. Sufficient wound closure 
was done to cover all exposed bone. Six days later additional closure and appropriate 
knee joint surgery were performed. There was intermittent drainage from the most 
proximal dependent portion of the drainage incision. He was evacuated to the Zone 
of Interior in May. 

Zone of Interior Record: Following admission, considerable efforts were made to 
restore motion to the formerly septic knee. There was recurrent drainage from the 
wound for some weeks but thereafter the wound remained healed until November 30, 
when the scar was resected and, at the same time, the metal was removed. Some granu- 
lating tissue was curetted. Primary closure of the wound was successful. Brace- 
protected weight-bearing was instituted for several months. At present he walks with 
full weight-bearing, and all wounds are healed solidly. 





* This patient was managed by Major Joseph Godfrey and Captain Russell Erickson. 
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; Pirate IV.—Case 4: A. A. P. and lateral views on March 13th, before reparative surgery, reveal- 
ing the distracted fracture and gas abscesses in the fracture site and adjacent fascial plane. 


B. The united fracture in the Zone of Interior Hospital—31 July. 2 
C. The united fracture in excellent alignment, with metal removed—April, 1945. 
D. The healed wounds, April, 1945. 
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Case 5 (see Plate lV) 


Indication—Obligate-2: Failure to achieve reduction by other measures—(estab- 
lished sepsis). 

Result—B: The fracture united and following removal of metal and sequestra the 
wounds healed. Late refracture. 

Diagnosis: 1. Fracture, compound, comminuted left femur lower third (septic). 
2. Sepsis (low grade) left knee joint (not here considered). 

Wounded: February 20, 1944, by high explosive shell fragments. 

Base Hospital Record: On February 25 skeletal traction utilizing a wire in the 
tibial tubercle was instituted. The wounds were purulent at that time. Several incisions 
for drainage were made including one on the !ateral side of the suprapatellar pouch. 
Pus pocketed in the proximal portion of the posterolateral fascial plane of the thigh. 

Reparative Surgery: On March 31, the posterolateral plane was incised, draining 
the abscess and the fracture site. Pus which had tracked up the inner side of the thigh 
anterior to the adductor magnus was drained by an incision medially. There was no 
union of the fracture. The extremity was returned to skeletal traction. 
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Pirate V.—Case 5: A. The compounding wound, laterally, in the distal third and the drainage 
incision on 31 March. 7 
B. The compounding wound, medially. 


edge, 31 March. ; 
C. The unreduced fracture, 3 April. 


Bi 


A drain emerges from an incision at the extreme left hand 
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Case 5* (Continued) (see Plate V Cont'd) 


On April 6 the fracture was stabilized in reduction by four screws. At the same 
time the septic knee was cleaned of all necrotic cartilage (including the entire patella), 
irrigated and closed. The wounds were closed with drainage. There was moderate 
drainage from all wounds for several weeks but only granulating areas remained when 
a hip spica was applied on May 11 for evacuation to the Zone of Interior. 

Zone of Interior Record: On admission, June 22, there was some drainage medially 
from the fracture site. On August 24 two sequestra and the screws were removed. The 
fracture was united but there was a defect in the anterior portion resulting from the 
bone loss at wounding. The wound healed promptly. In late December, the patient fell, 
sustaining an incomplete fracture across the site of bone loss. A long leg plaster was 
applied and he was sent home on furlough. He again fell, completing and displacing 
the fracture. When observed in March, 1945, the refracture, which is not in the plane 
of the original fracture, had not been reduced by skeletal traction. There was ten degrees 


of active knee motion. 








* This patient was managed overseas by Major Joe M. Parker and Captain Richard 


Crouch. 
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D. Artist’s conception of the surgery on 6 April. 
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PLatE V—(Continued) 
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E. The almost healed lateral wounds, 3 May. 
F. The almost healed medial wounds, 3 May. 
G. A. P. view—27 May—before evacuation. 
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Puate V. (Continued)—Case 5: H. Lateral view—27 May—before evacuation. 
I. A. P. view. The united fracture after removal of sequestra and metal. 
J. Lateral view. The united fracture after removal of sequestra and metal. 
K. A. P. view of displaced refracture, February, 1945. Note transverse plane of fracture in 
contrast to original obliquity. 
Lateral view after refracture, February, 1945. Note refracture point of original bone loss. 
M. Healed medial wounds, March, 1945. 


N. Healed lateral wounds, March, 1945. (The dark area is a recent superficial abrasion of old 
scar). The range of active knee motion, March, 1945. 
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Case 6* (see Plate V1) 


Indication—Obligate-2: Failure to achieve reduction by other measures. 

Result—C: The fracture is united solidly in excellent alignment, but the wound is 
unhealed (metal and an obvious sequestrum (roentgenographically) remain in situ). 

Diagnosis: Fracture, compound, oblique, right femur upper third. 

Wounded: October 2, 1944, by a high explosive shell fragment. 

Reparative Surgery: Reparative surgery was delayed because of a large volume of 
casualties reaching this Base Hospital, located only a relatively few miles behind the 
fighting. Many required both initia! and reparative surgery. 

On October 21, 19 days after wounding, a wire was inserted through the lower 
femur. The fracture site was exposed by gentle retraction. The fragments were over- 
riding about 1.5 inches, with interposed muscle. Manual skeletal traction established 
that reduction by balanced skeletal traction was quite doubtful. (Therefore, this case is 
classed as Obligate-2.) Through a posterolateral operative approach, the femoral frag- 
ments were freed and reduced with difficulty, and were stabilized in reduction by three 
screws. The compounding wound edges were excised. Neither wound was sutured. 
The extremity was placed in skeletal traction. On October 26, 1944, five days later, 
the patient was returned to surgery. Old blood clot and some tissue débris were cleaned 
from the wounds. Each wound was partially closed with separate drainage. The drains 
were removed five days later. Both wounds healed but, later, drainage recurred from the 
lateral wound. He was evacuated to the Zone of Interior in January, 1945. 

Zone of Interior Record: Drainage has persisted from the old compounding wound, 
but the fracture united solidly, in good alignment. Roentgenograms, made in May, 1945, 
reveal an obvious sequestrum and absorption about the two screws. Following their 
removal, sound wound healing and an excellent end-result are anticipated. 








* This patient was managed by Lt. Col. Roderick Begg and Capt. Edward Manning. 
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Pirate VI—Case 6: A. The old compounding wound in the operating room, 19 days after wounding. 
B. The excised compounding wound and the posterolateral operative approach at the completion of 


the: internal fixation. . ee 
C. Roentgenograms before and after fixation, The former are of films made soon after initial 


surgery and do not depict the shortening seen at operation. 
D. The partial closure of each wound 26 October, 1944. 
and-through. 
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The drains are separate and not through 
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E. The almost healed wounds 15 November, 1944. Drainage recurred from the old compounding 
(lateral) wound. 


. A. P. view of the united fracture in April, 1945. Note the absorption about the lower two screws. 
G. Lateral view of the united fracture in April, 1945. Note the sequestrum. 
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LT. COL. OSCAR P. HAMPTON, JR. Annals of Surgery 


February, 1946 


Case 8 (This patient had fixations of the humerus and ulna) * 


Humerus: Indication—Obligate-4: Massive soft-tissue loss. 

Result—D: The fracture united and the wounds healed but neither occurred until 
after removal of metal and sequestra. About six months were required for each, and 
the union is precarious. 

Radius and ulna: Indication—Obligate-2 and 4: Reduction was not achieved by 
other measures (manipulation) and the displaced fragments projected through a large 
wound, which also demanded further procedures. 

Result—F: The fracture did not unite and the wound did not heal until sequestra 
and metal were removed. 

Diagnosis: 1. Fracture, compound, mildly comminuted right humerus midthird. 2. 
Fracture, compound, mildly comminuted right radius and ulna upper thirds. 3. Wound 
of buttocks and lower rectum with colostomy (not here considered). 

Wounded: June 2, 1944, by high explosive shell fragments. While he was at the 
Evacuation Hospital, a diagnosis of gas gangrene was made and appropriate therapy was 
instituted. 

Reparative Surgery: On June 12 he was admitted to the Base Hospital. Between 
June 16 and 18, three massive hemorrhages from the buttock wound required 6,500 cc. 
of blood and ligation of the hypogastric artery. 

On June 22, the humerus was plated in reduction through the large compounding 
wound which was partially closed. An effort was made to reduce the radius and ulna 
and a “hanging-type cast” was applied. Adequate reduction of the forearm was not 
achieved. When his general condition was satisfactory, on July 22, the ulna was plated 
in reduction through a septic wound which was partially closed but all bone was not 
covered. Better drainage of the wound of the arm was established. After a somewhat 
stormy postoperative course, he was evacuated to the Zone of Interior in late August. 

Zone of Interior Record: On admission, September 9, all wounds were draining and 
the plate on the ulna was visible. On October 7, sequestra and metal were removed 
from both the humerus and the ulna. Neither was united. At the next change of plaster, 
in early November, the humerus was stable but during an effort to correct the deformity 
of the forearm, the humerus was refractured. It reunited, the forearm did not unite, and 
all wounds healed. The colostomy had not been closed and a fecal sinus through the 
buttock remained in April, 1945. No illustrations for this case are available. 





*No illustration accompanies this case. 
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LT. COL. OSCAR P. HAMPTON, JR. February, 10 


Pirate VIII—(Continued) 
C 





Piate VIII (Continued)—C. The united fracture. The wound is 
healed. 


Case 9* (see Plate VIII) 


Indication—Obligate-5: Stabilization and, if necessary, bone shortening to facilitate 
peripheral nerve surgery. 

Result—A: The fracture united, and the wounds healed, without sequestration or 
removal of metal. 

Diagnosis: Fracture, compound, comminuted, right humerus with laceration and loss 
of substance of the radial nerve. 

Wounded: August 26, 1944, missile—unknown. 

Reparative Surgery: On September 6, at the routine wound visualization of repara- 
tive surgery, it was determined that there was loss of about one inch of substance of 
the radial nerve. The compounding wound was extended. The orthopedic surgeon 
resected about 1.5 inches of humerus and fixed the fracture in reduction by a four-hole 
plate plus one transfixion screw. The neurosurgeon approximated the nerve ends and 
wrapped them in fibrin film. The wound was closed. On September 22, when the wound 
was healed, a definitive suture of the radial nerve was performed through an operative 
incision, which healed promptly. 

Zone of Interior Record: On admission, all wounds were healed. The fracture went 
on to solid union. At 5.5 months after repair of the nerve there were definite signs of 
partial recovery. 

* The neurosurgeon was Lt. Col. Henry G. Schwartz, the orthopedic surgeon was 
Major Joe M. Parker. ; 
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Pirate IX.—Case 10: A. The fixation of the fracture through the compounding wound, with soft- 
tissue loss extended distally, 9 April, 1944. 

B. The partial closure over denuded bone and the dependent drainage, 9 April, 1944. 

C. The postoperative roentgenograms, 1o April. 

D. The healing wounds in early July. 

E. The united fracture in the Z. of I. 


Case 10* (see Plate IX) 
Indication—Desirable in the femur—a fracture whose contour permits a rigid stabili- 


zation by multiple screws or a plate. 
Result—A: The fracture united, and the wounds healed, without sequestration or 


removal of metal. 
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Piatt IX—(Continued) 





F 


fF. The healed wounds and range of knee motion from extension in March, 1945. 


Case 10 (Continued) 


Diagnosis: Fracture, compound, complete, bilateral femur, junction mid and lower 
thirds. (Only the right is considered here.) 

Wounded: March 26, 1944, by enemy machine gun bullets. 

Reparative Surgery: After adequate blood replacement therapy, on April 9, 1944, 
exposure of the right thigh revealed a soft-tissue defect of the thigh involving the vastus 
lateralis and rectus femoris. Through this wound and a distal extension, the femoral 
fracture was stabilized in reduction by four screws. The wound was partially closed, and 
dependent drainage was established. The patient was returned to bilateral skeletal traction. 
During convalescence, he participated in an excellent ward program for the return of 
knee motion. The soft-tissue defect filled with granulations. and all wounds were about 
healed when he was evacuated to the Zone of Interior in August. 

Zone of Interior Record: On admission, all wounds were healed and the fractures 
united: When union in each fracture of the femur became sufficiently solid to permit it, 
weight-bearing in braces was begun. In March, 1945, he was ready for discharge from 
the army. 


* This patient was managed by Captain John J. Modlin and Major Joe M. Parker. 
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PLATE X 





Cc 


PLrare X.—Case 11: A. A. P. and lateral views on admission to a Base Hospital. 

B. A. P. and lateral views after the fixation, 18 June, 1944. (One screw did not protrude through 
the opposite cortex.) : : 

C. Healed compounding wound and unhealed relaxation incision (which might have been split- 
grafted at reparative surgery), 15 July, 1944. 

Case 11* (see Plate X) 

Indication—Desirable for tibia and fibula—a fracture whose contour permits stable 
fixation by multiple screws, with minimal periosteal stripping. 

Result—A: The fractures united in anatomic alignment, and the wounds healed, 
without sequestration or removal of metal. 

Diagnosis: Fracture, compound, comminuted of left tibia and fibula, midthird. 

Wounded: June 8, 1944, by high explosive shell fragments. 

Reparative Surgery: On June 17, 1944, removal of the initial encasement revealed 
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Case 12*} 
Indication—Desirable in the forearm—any fracture whose contour permits fixation 


in reduction by internal fixation. 
Result—A: The fracture united and the wounds healed, without sequestration or 


removal of metal. 
Diagnosis: 1. Fracture, compound, complete left radius (comminuted with some 
bone loss) and ulna (transverse), lower thirds. 2. Fracture, compound, comminuted 


left femur, midthird (not here considered). 

Wounded: September 3, 1944, by enemy rifle fire. 

Reparative Surgery: On September 11, through compounding wounds, the transverse 
fracture of the ulna was plated in reduction and a wire loop was used to hold fragments 
of radius in approximation. The wounds were closed with drainage. 

The wounds of the thigh were closed with drainage and skeletal traction was insti- 
tuted. All wounds healed. 

Zone of Interior Record: On admission, October 24, the wounds were healed and 


Bony union occurred with synostosis between the bones of the fore- 


the fractures stable. 
No illustrations 


arm. The metal was prophylactically removed in early April, 1945. 
for this case are available. 
* This patient was managed by Major Joe M. Parker and Captain Richard Crouch. 





Case 13*f 
Indication—Elective in the femur—a nonobligate use of wire loops to hold approxi- 


mation of fragments. 
Result—B: The fracture united in excellent alignment and, after removal of sequestra 


and metal, the wound healed. 
Diagnosis: Fracture, compound, comminuted right femur, midthird. 


Wounded: July 1, 1944, missile—not recorded. 
Reparative Surgery: July 7, 1944, through the compounding wound, a wire loop 


was placed so as to obtain contact of major fragments. The wound was closed with 
drainage. The extremity was returned to balance suspension skeletal traction for ten 


weeks. 
Zone of Interior Record: On admission, October 10, a sinus led to the fracture 


site. The fracture was united in excellent alignment. On November 22, the wire and 
sequestra were removed, after which the wound healed promptly. Illustrations for this 


case are not available. 
* This patient was managed by Major Joe M. Parker and Captain John J. Modlin. 
+ No illustrations accompany these cases. 
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Case 14* (sce Plate X/) 

Indication—Elective in the tibia-fibula—an elected decision to stabilize a tibia in 
reduction by plating rather than first attempt reduction by other measures. 

Result—B: The fracture united in excellent alignment and, after removal of metal 
and sequestra, the wound healed. 

Diagnosis: 1. Fracture, compound, comminuted right tibia and fibula, lower third. 
2. Laceration posterior tibial artery and nerve. 

Wounded: March 25, 1944, by high explosive shell fragments. 

Reparative Surgery: On April 3, 1944, through an extended medial compounding 
wound, the tibia was plated in reduction. The plete was placed as far posterior as 
possible. The wound was closed except for an area of loss of skin, which was left open 
for drainage. A small compounding wound over the fibula was not closed. He was evac- 
uated to the Zone of Interior in early May. 

Zone of Interior Record: On admission, all wounds were healed, and the fracture 
united in normal time. In August, there was some drainage from the medial wound. 
The metal and several tiny sequestra were removed and the wound was closed, with 
per primam healing. He remains hospitalized becatise of the residual from the nerve 
injury. 





* This case was managed by Major Newton Mead and Captain Richard Crouch. 
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Pirate XI 
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D 
Puate X1.—Case 14: A. The partially sutured wound following reparative surgery on 3 April, 1945. 
__ B. The pre- and postoperative roentgenograms—(Note reversal)—Note the loss of bone at site of 
fracture in the fibula. 
>» A. P. view and rotated A. P. view 
alignment, 30 March, 1945. 
D. The range of ankle motion in April, 1945. 


265 


showing the solid union, in good 





to show ankle mortise 














LT. COL. OSCAR P. HAMPTON, JR. Annals of Surgery 


February, 1946 


Case 15* (see Plate XII) 


Indication—Elective in the tibia and fibula—Plating of the fibula. 

Result—A: The fracture united and the wounds healed, without sequestration or 
removal of metal. 

Diagnosis: Fracture, compound, comminuted right tibia and fibula. 

Additional Diagnosis not here Considered: Fracture, compound, comminuted of left 
humerus, with paralysis of the radial nerve. 

Wounded: June 2, 1944, by high explosive shell fragments. 

Reparative Surgery: On June 11, 1944, the fibula was plated through compounding 
wound which was closed with drainage. The compounding wound over the tibia was 
closed partially. 

Zone of Interior Record: On admission, the wounds were healed. The fractures of 
the tibia and fibula united solidly. Because of some loss of tibial substance, full weight- 


bearing was delayed. 








* This patient was managed by Major Herbert W. Harris. 
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PiatE XII 
A B 





Cc D E 


Puate XII.—Case 15: A. A. P. and lateral views on admission to Base Hospital, 9 June, 1944. 
Note the comminution in the tibia. Fractures in the lower third of the tibia are difficult to reduce. 
P. view on 8 April 1945. The fracture is united in excellent alignment. 
C. Lateral view on 8 April, 1945. 
D. Frontal view of leg, April, 1945. Note the severe soft-tissue loss. 
E. Side view of leg, April, 1945, showing the scar of the fixation wound. 
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Case 16 (sce Plate XIII) 


Indication—Elective of tibia and fibula—A nonobligate plating, without attempt at 
reduction by other measures. 

Result—B—S: The fracture united but wound healing was not obtained until 
sequestra, which were massive, and metal were removed. ‘ 

Diagnosis: 1. Fracture, compound, comminuted, right tibia and fibula. 2. Fracture, 
compound, comminuted of os calcis, and talus bilateral. 

Wounded: July 10, 1944, by a land mine explosion. 

Reparative Surgery: On July 16, 1944, the tibia was plated in reduction through 
the compounding wound, which was closed. Bilateral plaster encasements were applied. 
The wound over the tibia did not heal. When the plaster for evacuation to the Zone of 
Interior was applied on August 30, three inches of bare bone were visible. 

Zone of Interior Record: All wounds were draining on admission, October 3, 1044. 
The metal was picked out on the ward on December 17. The fracture was stable, as 
there was a bridge of bone posteriorly. Later, sequestra were removed and then the 
wound healed. The bones of the foot are a distorted mass. Amputation might have 
been considered in all echelons. 
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Pirate XIII.—Case 16: A. A. P. view on admission to Base Hospital. 
B. Lateral view on admission to Base Hospital. 
. A. P. view after internal fixation. 
D. Lateral view after internal fixation. 
. A. P. view after removal of sequestra and metal. The fracture is united, but note the heavy 

sequestration reducing the strength of the bone. 

F. Lateral view after removal of sequestra and metal. The fracture is united, but note the heavy 
sequestration reducing the strength of the bone. 
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Case 17 (see Plate XIV) 


Indication—Elective in the tibia and fibula—Internal fixation by plating without a 
previous effort at reduction by other measures. 

Result—F: The fracture did not unite, and the wounds did not heal. There was 
massive sequestration. 

Diagnosis: Fracture, compound, comminuted left tibia and fibula, midthird. 

Wounded: September 30, 1944, by high explosive shell fragments. 

Reparative Surgery: On October 9, 1944, the fracture of the tibia was stabilized in 
reduction by a long plate and one transfixion screw through the wound, which was closed. 
Postoperative roentgenograms revealed a more distal fracture, which was not seen on the 
original films, with some displacement. A few days later this was fixed in reduction by 
two screws, and the wound again closed. Wound healing was not obtained. 

Zone of Interior Record: On admission, January 18, 1945, the wound was gaping, 
revealing the metallic fixation and dead bone, which were removed. Since that time 
the wound has improved in appearance but in late March there was minimal drainage, 
and the fracture was not united. 
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Case 18*+ 


Indication—Elective in the humerus—A _ nonobligate internal fixation, without a 
previous effort at reduction with other measures. 

Result—A: The fracture united in good alignment, without sequestration or removal 
of metal. 

Diagnosis: Fracture, compound, comminuted, humerus. 

Wounded: September 20, 1944, by a bullet. 

Reparative Surgery: About October 1 three wire loops were placed to hold the 
fragments in contact through a compounding wound, which was closed. Wound healing 
followed. 

Zone of Interior Record: On admission, December 20, the wounds were healed, and 
the fracture was united in good alignment. No illustrations for this case are available. 


* This patient was managed by Major Irvin Cahen. 
+ This case not illustrated. 


Case 19 (sec Plate XV) 

Diagnosis: Fracture, compound, oblique left femur midthird. 

Wounded: September 17, 1944, by high explosive shell fragments. 

Base Hospital Record: On September 26 skeletal traction was instituted and the 
wound closed with drainage. The wounds healed, and fair apposition and good align- 
ment of the fracture were obtained. After 16 weeks in traction, he was placed in a 
hip spica for evacuation to the Zone of Interior. 

Zone of Interior Record: On admission, there was minimal lateral bowing. Traction 
was not reinstituted. Further bowing and angulation with a nonunion followed. 

Evaluation: This fracture contour would have permitted stabilization in reduction 
by multiple screws. The results in the series here reported indicate that, by delayed 
internal fixation, a nonunion might have been obviated. 
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Case 20 (see Plate XVI) 


Diagnosis: Fracture, compound, comminuted, left humerus junction mid and lower 
thirds. 

Wounded: January 21, 1944, by high explosive shell fragments. 

Base Hospital Record: There was a definite segmental defect from bone loss. The 
fragments were pushed into approximation and a shoulder spica applied. The bony 
apposition was fair. The wounds healed, and the patient was evacuated to the Zone of 
Interior. 

Zone of Interior Record: On admission, the wounds were healed, but a nonunion 
of the fracture was present. Several months later, bone grafting was performed. The 
extremity remains in plaster, but it is thought that union is occurring. 

Evaluation: By the judicious use of delayed internal fixation (probably wire) im- 
proved bony contact could have been achieved, with enhanced chances of union of the 
fracture, as is evident in this series. Fifteen months after wounding this upper extremity 
is still immobilized, with bony union probable but not certain. 
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Pirate XVI.—Case 20: A. A. P. view of defect in humerus on admission to Base Hospital. 
B. Lateral view of defect in humerus on admission to Base Hospital. 
C. The reduction achieved by nonfixation measures, A nonunion followed. 








THE SURGICAL SIGNIFICANCE OF THE ACCESSORY SPLEEN 
GrorGE M. Curtis, M.D., anp Davin Movirtz,* M.D. 
Co_umsus, Oun10 


FROM THE DEPARTMENT OF SURGICAL RESEARCH OF THE OHIO STATE UNIVERSITY, COLUMBUS, OHIO. 


SPLENECTOMY, for certain diseases involving the formed elements within 
the blood, is gaining in breadth of application. A better understanding of 
the functional interrelation of the bone marrow, peripheral blood and spleen 
has resulted in a sounder basis for surgical therapy. In the development of 
the background of pathologic physiology of these diseases, as related to splenec- 
tomy, the accessory spleen has become recognized as playing a significant role 
in the end-result, particularly in congenital hemolytic icterus and primary 
thrombocytopenic purpura. If left to remain when once observed, or if over- 
looked at the time the spleen is removed, a recurrence of either may eventually 
become manifest. For several years this was assumed, since the histologic 
structure of the accessories was the same as that of the major spleen. More- 
over, the pathologic activity observed supravitally in the accessory was identical 
with that of the major spleen.! 

Three types of observations have been made in establishing that the 
unremoved accessory spleen may eventually cause a recurrence of either 
congenital hemolytic icterus or primary thrombocytopenic purpura subsequent 
to splenectomy: First, recurrence associated with an accessory spleen found 
but not removed at the time of splenectomy since its significance was not then 
recognized ; second, recurrences associated with accessory spleens overlooked 
at the time of splenectomy, but subsequently found at necropsy, after the 
patient had died of recurrence; and, third, the most convincing of all, relief 
from a recurrence by the surgical removal of accessory spleens at a second 
operation. Later, such instances will be described. Perhaps the same reason- 
ing may be eventually applied in primary splenic neutropenia, pansplenic 
hematocytopenia, or even to some of the other less well-defined variations 
within the complex Banti’s syndrome. 

It is the purpose of this paper to present a list of the diseases for which 174 
consecutive splenectomies, as well as four explorations for splenic disease, were 
accomplished (Table I) ; a tabulation of the location of 131 accessory spleens 
found in 56 of these patients (Table II) ; a survey of the pertinent literature 
and from these basic findings further to analyze the significance of the 
accessory spleen. Table I indicates that the two diseases for which the 
accessory spleen should be removed to prevent recurrence, namely, congenital 
hemolytic: icterus and primary thrombocytopenic purpura, were also the two 
most frequent indications. The four exploratories were: one ligation of the 
splenic artery and three celiotomies during which the spleen was thoroughly 
examined but not removed. In addition, there was one accessory splenectomy 





* Comly Fellow in Surgical Research at the Ohio State University, Columbus, Ohio. 
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for recurrent congenital hemolytic icterus (No. 21, Table 1) (No. 7, Table II), 
subsequent to a previous splenectomy. 


THE INCIDENCE OF ACCESSORY SPLEENS 

The incidence of accessory spleens has been variously reported by different 
observers. In the older necropsy reports it ranged around Io per cent. Adami 
and Nichols? report an incidence of 11 per cent in their necropsies. Morrison, 


TABLE I 


THE INDICATIONS FOR SPLENECTOMY OR EXPLORATORY CELIOTOMY 


Percentage 
No. of of all 
Disease Operations Operations 
RUS LOS G8 Cat loi ee ea ree 53 29.70% 
2. Primary thrombocytopenic purpura (including 1 exploratory)............. 33 18.50% 
3. Banti’s syndrome (including 2 exploratories and 1 ligature of the splenic 

PORE Meira ze Were eS ee E TS hese is valei oie .o Rela. ace. ob 6 51S Wiad Sue ial he Sielnre earache 33 18.50% 
STIRS aR MITES SMES INEBEN ooo S205 9. 5 op 4 “ove oid na 5 69 8. e Selene edie wae areeps ae heals 13 7.30% 
peerings what pase 86h) o:'a fo ies, ov Sip oo Pola es Staab owecael wa aie a eae 7 3.93%- 
ee AEE RNNEC: EE UI CUUCIOTIA 5.555 5c case cis os dishes o aie 90 9-818 oie sis wale-ew aps eo Bibles 6 3.39% 
SPR PID ELEN Soh So a he Sr bs adone, Giaiie aqdilnsla) os oa. SRA 9 9.'p 0.14. NOS. Rem eCmNE, BTR! press 5 2.80% 
Sree ne AERE eet DEREPETECS ECR NOTOTUS 52 505s og 0.4.6 0 © ococee0'e 5105 Sle oun ls Wd ecoreand eas 4 2.24% 
SreU MI TEENNCSERER OE DEO UNOIINEL C5 co fs o8. Sete, Seo/ 5. So die el Sioa We wel ese lara iealeve DblOM Viebesa hk Biber 4 2.24% 
Re ET OTe IG LE TPOINICE A, 5 pratt dcaie'e © ve 6.0: 0 Wiel ee. nie is /g ww dua euis%e Wacavenge saad wee 4 2.24% 
Wee PTR MINMTIC TUPTUTS OF MIC. 0. 606.0 ocis sede sewebscaeess socelsemane red. os 3 1.68% 
ara aN UUM ENTEE aN Ss CN abe 0 0. re. RC aD) Ri Ao ye UP acala ens ca ale ele-aieiay emlelelee 2 1.12% 
Sea RR NIMES le clos a 5.0.6 6:6 ole ore 8.0164) a's NS eh :b swITD OVE aia wide tales SRE 2 1.12% 
NR I en Ns oS illo cn Sg ava Saikd.'o. a: Biavole hw ple Ala eiio Oe oyatae te pare eis 2 1.12% 
es, Mc WeTRIACRONOOMIE OF LEC SIICCI 6 ooo. ic x.a 0 oo so 0 00 4.0 be pew ae bel ea eae pale wlen 2 1.12% 
Se Stu SENTINEL SON MOSTEN EL 55-4 voce. 015 oy.) » © 0 lkta od wb," Soca a: 9.0% 8: le 4 ececnl etn eyelara Bear 1 0.56% 
Aire ANTENA IU URE SION. Sache ed go ioe aa om aa oe woe ula WS Gia cia ee pe RC e 1 0.56% 
NS RIPEN oT. GU one op. bl.oub ave 6 a owe Bia S Me p Hb bo bbe aaels Sle arete 1 0.56% 
eee oa igls.S:5 oS. alee dis levees 48 VERS Ulveaine Beate NEON KES 1 0.56% 
Ore PERU CUPHONIS RU ABCILOB os 65x disia cb ¢ auecs's os.0-0 0.5.0 06: do oie 8 ed pa pebeete es 1 0.56% 


Total splenectomies (174) and exploratories (4)...............0-.e00ee 178 


21. Recurrent congenital hemolytic icterus (2 accessories found and removed 
from one of the above cases) DB Ne eratale acho Be Tice Ree Rion dl le Rea eames 1 


Lederer and Fradkin,® however, after thoroughly searching their necropsy 
material found an incidence_of 35 per cent. They report that Sassuchin 
found 15 per cent in 153 necropsies of children under age ten. Jolly* ob- 
served 25 per cent in 80 children under age 17. Maingot® reported eight 
instances in a series of 18 splenectomies for essential thrombocytopenic pur- 
pura, an incidence of 44.4 per cent. Curtis and White® state that seven (20 
per cent) of their first 35 splenectomies revealed accessory spleens. Mc- 
Laughlin’ reported a 24 per cent incidence in a series of 13 splenectomies for 
congenital hemolytic icterus. 

The incidence of accessories found at necropsies with “normal” spleens 
should be differentiated from that of patients with splenic disease, since there 
may be an effect of the fundamental pathologic process upon the incidence of 
accessory splenic tissue. In our series, as listed in Table I, a total of 56 of our 
178 consecutive patients presented accessory spleens. Fifty-three instances 
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were observed during the splenectomy, two at necropsy of previously splenec- 
tomized patients, and one at the time of a second operation, planned specifically 
to search for accessories in a patient with recurrence. This represents a gen- 
eral incidence of 31.4 per cent, as distributed throughout the various splenic 
disease and age-groups. 


ACCESSORY SPLEENS IN THE VARIOUS AGE-GROUPS 


Since the splenectomies were performed in relatively equal numbers in 
the first six decades (except for the third decade, Table III), the age-incidence 
of accessory spleens may be compared. Thus, Table III reveals that accessory 
spleens are more common in the earlier age-groups. This general tendency 
has also been noted in children without splenic disease. However, the 50 per 
cent incidence in the first decade, as well as the 39.1 per cent in the second, in 
this series with splenic disease, is considerably higher than reported incidences 
among “normal” children (15 per cent by Sassuchin and 25 per cent by Jolly). 
It agrees well with Maingot’s® report of 44.4 per cent accessories in a series 
of 18 patients splenectomized for primary thrombocytopenic purpura. 

Inasmuch as the incidence of accessory spleens is considered to decrease 
with advancing age, we may assume it occurs by some form of involutional 
atrophy. This ensues by processes similar to those which result in the 
decreased weight of the normal spleen in the aged and in a gradual percentage 
decrease of spleen weight from the time of birth onwards, both of which 
Krumbhaar® regarded as physiologic. Rocher® is said to have observed, at 
necropsy, many accessory spleens undergoing atrophy in infants. Thus, it 
may be suggested that an accessory spleen disappears during the normal 
process of involution unless it is influenced to remain by some intrinsic patho- 
logic process, such as in primary thrombocytopenic purpura or congenital 
hemolytic icterus. The greater incidence of accessories in individuals with 
splenic disease over those with “normal” spleens may thus be clarified. 


ACCESSORY SPLEENS IN CONGENITAL HEMOLYTIC ICTERUS 
AND PRIMARY THROMBOCYTOPENIC PURPURA 

The greater incidence of accessory spleens in congenital hemolytic icterus 
(Table IV), compared to a similar age series in primary thrombocytopenic 
purpura (Table V), might be expected. Owing to its true genetic nature 
congenital hemolytic icterus may be active, even at the time of birth, when 
accessories are more numerous. Of the 53 splenectomies for congenital hemo- 
lytic icterus, 33 were in the first three decades (Table IV). Fifty-seven 
point one per cent of the patients in the first decade, and 42.8 per cent in 
the second presented accessory spleens (Table IV). 

Of the 33 operations for primary thrombocytopenic purpura (all splenec- 
tomies save one exploratory) (Table V), 23 were during the first three decades. 
The incidence of accessory spleens, 44 per cent in the first decade and 33.3 
per cent in the second, is less than in congenital hemolytic icterus. In but one 
instance were accessories found beyond the age of 29 in patients with thrombo- 
cytopenic purpura (Table II, No. 52). 
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ec- TABLE II 
lly 56 PATIENTS WITH 131 ACCESSORY SPLEENS FOUND DURING 
on 174 SPLENECTOMIES AND 4 EXPLORATORIES (TABLE 1) 
2 Date of Description of Accessories 
nic No. Sex AgeSplenectomy Disease from Operative Record 
ion” oF 10 4-26-34 Banti’s syndrome A small accessory at the hilus 
2 OM 52 11-8-34 Hypoplastic anemia One accessory, 1.5 cm. in diameter, retro- 
peritoneal 
a... 56 2-13-35 Cong. hemolytic icterus One accessory, 1.5 cm. in diameter, posterior 
in pedicle 
no. 31 1-2-36 Cong. hemolytic icterus Eight accessories, the largest 3 cm. in diam- 
ice eter, five about the hilus, three along the 
ry splenic vein in the pedicle, the smallest 2 or 
3 mm. in diameter 
cy Re: oe 45 8-17-36 Banti’s syndrome Three accessories in the omentum 
er (ligature splenic artery) 
° 6 M 41 5-8-37 Banti’s syndrome One small accessory, 8 mm. in diameter, in 
In the pedicle 
es  ¥F 9 2-22-38 Recurrent cong. hemolytic Two accessories, retroperitoneal above the tail 
icterus of pancreas 
). 8 M 52 2-24-38 Hypoplastic anemia Two accessories, 1 cm. and 2 cm. in diameter, 
eS in the anterior greater omentum 
9. F 68 11-28-39 Pansplenic hematocytopenia One large accessory, 2x 2x 1.5cm., at the hilus 
10. *F 7 ~3-24-39 Cong. hemolytic icterus Six accessories, largest 2 cm. in diameter, at 
se the hilus 
] Se 24 4-71-39 Banti’s syndrome One accessory, 2 x 1 x 1.5 cm., at hilus 
8 mF 39 6-3-40 Splenic neutropenia Two accessories, one 1.5x1.5x1.5 cm., the 
1e other 1x 1x1 cm. at pedicle 
re 13. M 12 6-8-39 Cong. hemolytic icterus One accessory at lower part of pedicle 
14. F 40 11-4-40 Hodgkin’s disease of spleen One accessory, 1 cm. in diameter, on anterior 
h great omentum just below transverse colon 
15. M 11 4-17-41 Cong. hemolytic icterus Two small accessories, one at hilus, other 
it within omentum 
it 6. 46 4-24-41 Erythroblastic leukemia One accessory, anterior surface of omentum 
1 17. M 12 5-13-41 Thrombocytopenic purpura Three accessories, largest measuring 2x 1x 1 
cm., all at hilus 
)- 18. F 9mos. 6-2-41 Cong. hemolytic icterus Three accessories, largest 1 cm. in diameter, 
1 at hilus 
19. M 3 9-441 Cong. hemolytic icterus One accessory, 1.5cm. in diameter, retro- 
h peritoneal, near inferior pole of spleen 
20. M 48 9-9-41 Pansplenic hematocytopenia One accessory, 2 cm. diameter, in bowel 
mesentery 
3%. F 12 9-24-41 Thrombocytopenic purpura Four accessories, all in the pedicle 
22, M 19 10-16-41 Banti’s syndrome Eight accessories, largest 1 cm. in diameter, 
all at pedicle 
23. M 7 12-1-41 Cong. hemolytic icterus Four accessories, one in omentum, three at 
5 hilus, largest 3x 2x 2 cm. 
: 244. F 28 12-6-41 Cong. hemolytic icterus One accessory, 2x 2x 1cm., at hilus 
i 25. ¥F 7.5 wks. 1-22-42 Cong. hemolytic icterus One accessory at hilus 
: 26. M 8 2-13-42 Thrombocytopenic purpura One accessory at hilus 
| 27. M 5 7-10-42 Banti’s syndrome One accessory, 1.5 cm., in omentum 
28. M 7 10-3-42 Banti’s syndrome Two accessories, in omentum on left side 
29. M 29 11-14-42 Banti’s syndrome One accessory at the hilus 
30. F 62 1-31-43 Cong. hemolytic icterus One accessory at the hilus 
31. M 15 2-1-43 Banti’s syndrome Ten accessories, four at hilus, and six in the 
pedicle 
ae 32 3-18-43 Hodgkin's disease of spleen Two accessories, one at hilus, other in spleno- 
colic ligament 
ee 23 6-19-43 Banti’s syndrome Three accessories at hilus 
34. F 54 8-12-43 Polycythemia vera Two accessories, one at hilus and one on 
omentum 
3s.: M 7 10-28-43 Banti’s syndrome Three accessories, in pedicle 
ee 5 11-17-43 Thrombocytopenic purpura One accessory at pedicle 
| A 26 11-18-43 Thrombocytopenic purpura One accessory at hilus 
38 =M 59 11-20-43 Chronic lymphatic leukemia Four accessories at hilus 
$9. F 25 12-17-43 Lymphogarcoma Five accessories, largest 2 cm. in diameter, 
at hilus 
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TABLE II—(Continued) 


56 PATIENTS WITH 131 ACCESSORY SPLEENS FOUND DURING 
174 SPLENECTOMIES AND 4 EXPLORATORIES (TABLE I) 


Date of Description of Accessories 
No. Sex AgeSplenectomy Disease from Operative Record 
40. M 10mos. 1-—2-44 Cong. hemolytic icterus One accessory at pedicle 
41. F 27 1-12-44 Thrombocytopenic purpura Two accessories at hilus 
42. F 9 2-24-44 Cong. hemolytic icterus One accessory, 1.5 cm. in diameter, at hilus 
43. ¥ 28 3-1-—44 Cong. hemolytic icturus One accessory, 3x 2x2 cm., retroperitoneal 
to left of pedicle 
44. M 32 6-26-44 Hodgkin’s disease of spleen One accessory at hilus 
4s, M 12 6-28-44 Cong. hemolytic icturus Two small accessories, one at hilus, other on 
anterior omentum 
46. M 4 7-1-44 Thrombocytopenic purpura One accessory at hilus 
47. M 5 7-8-44 Thrombocytopenic purpura One accessory at hilus, 2 cm. in diameter 
48, M 22 7-15-44 Banti’s syndrome One accessory, 2 cm. in diameter, retroperi- 
toneal, just lateral to and below the hilus 
49. F 58 7-21-44 Lymphatic leukemia Five accessories, largest 2.5 cm. in diameter, 
at hilus 
50. F 22 7-24-44 Luetic splenomegaly Three accessories, largest 1 cm. in diameter, 
at hilus 
54. F 71 10—9-44 Splenic neutropenia Four accessories, largest 1 cm. in diameter, 
at hilus 
52. M 40 10-24-44 Thrombocytopenic purpura Two accessories, one ant. and one post. to 
pedicle 
5S. F 56 11-9-44 Cong. hemolytic icterus Two accessories, one at hilus and one in 
splenocolic ligament 
54. M 47 2-26-45 Pansplenic hematocytopenia Three small accessories at hilus 
ACCESSORY SPLEENS FOUND AT NECROPSY OF PREVIOUSLY SPLENECTOMIZED PATIENTS 
Date of Date of 
No. Sex Age Death Disease Splenectomy Description of Accessories 
5S. F 21 7—-4-44 Thrombocytopenic purpura 9-9-42 Two small accessories, retroperito- 
. neal, at tail of pancreas, 1.5 cm. 
diameter 
56. M 14 11-11-44 Banti’s syndrome 3-9-44 Two accessories in great omentum 
just below left stomach, 8 mm. 
diameter 


INDIVIDUAL DISTRIBUTION 

Only one accessory was found in each of 26 patients (Table Il). The 
remainder, presenting more than one, are also listed in Table VI. Single ac- 
cessories are more frequent in the younger age-group, likewise, multiple acces- 
sories. Thus, the patient with ten accessories is in the second, the patient with 
six in the first, and the two with eight are in the second and fourth decades, 
respectively (Table VI). The majority of multiple accessory spleens occur 
in the young. These findings strengthen the concept that accessory splenic 
tissue is more frequent during infancy and childhood. 


SPLENOSIS AND AUTOTRANSPLANTATION 


There is another occurrence of multiple accessory spleens, however, which 
is apparently different. Thus, Albrecht,’® in 1896, reported as many as 400 
accessories in a single patient, and cited a similar case observed by Orth. 
Schilling" presented a patient whose peritoneum contained many small 
splenotic nodules. These were considered to be accessory spleens. At the 
present time these highly multiple splenules are not considered in the same 
category as the usual accessory spleen. Nevertheless, they constitute an 
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important variation, bearing a direct relationship to traumatic rupture of the 
spleen and to the technic of the usual splenectomy. 

Moreover, von Kuttner,!* in 1910, Faltin,!? in 1911, von Stubenrauch,"* 
in 1912, and again in 1929,’° Lee,’® in 1923, Kupperman,™ in 1936, Shaw 
and Shafi,!8 in 1937, Jarcho and Anderson,!® in 1939, and Hamrick and 
Bush,®® in 1942, reported similar instances of patients with numerous small 
accessory spleens scattered throughout the peritoneal lining. These had all 
developed subsequent _to splenectomy for traumatic rupture of the spleen. 
These small nodules in most instances contained the characteristic splenic 
pulp, however, the supporting framework, so characteristic of the spleen, was 


TABLE III 


AGE INCIDENCE OF SPLENECTOMIES AND EXPLORATORIES (TABLE I) WITH AGE INCIDENCE 
OF ACCESSORY SPLEENS (TABLE I!) 


No. of Cases No. of Cases Percentage Incidence 
Decade Operated with Accessories of Accessories 
PEE a goa coy Saas weed Viale. gy ayer Sptethejes 28 14 50.0% 
EMS galt Sos wwebtnloe alee lee ¥ ay 98 23 9 39.1% 
DIOS co o> ceva wie 8 eva ig.artelaials eAaiay et) 43 11 25.5% 
DRIES 208 5 Riga ole ais 2.49 Gnd aes a8 9 25 4 16.0% 
COE eae bit sh, 22 7 31.8% 
BRINE oe U8iis «5s clare kes as 8 32.0% 

TE TERR alo .a'e ie teiace » o'e,Bcaye o'er 0% wis sv 11 2 18.1% 
0S) GAS Seon eer eee 1 1 100.0% (1 case) 
TABLE IV 

INCIDENCE OF ACCESSORY SPLEENS IN CONGENITAL HEMOLYTIC ICTERUS 
No. of Cases No. of Cases Percentage Incidence 
Decade Operated with Accessories of Accessories 

ee, eee Te < ecw 14 8 57.1% 
OL ee Se ee ee era ae 7 5 42.8% 
EN MESS oak ote es eS anys Sars See so . 15 2 13.3% 
RMN hs Ah cic ase esesase Wi sheleet ee 3's 7 1 14.2% 
on ane Seren Pree 2 none 00.0% 
PPC 0. 45%c oA Geis sin oivig eae ea 7 ys 28.4% 
NN 2A sd cosets sh ete aueneis 1 1 100.0% (1 case) 


often more or less incomplete. In certain of the nodules the histologic struc- 
ture was entirely normal. Buchbinder and Lipkoff,?° in 1939, pointed out 
the similar sequence of events in all of these cases, namely: traumatic rup- 


ture of the spleen followed by splenectomy, then, after a variable lapse of 


time, subsequent inspection of the peritoneum either at operation or at necropsy 
reveals numerous small splenotic nodules, widespread, and in unusual locations. 

Buchbinder and Lipkoff,2° after reviewing the literature, report a similar 
case with a similar history. In their patient certain of the small accessories 
were located in the parietal peritoneum, as well as elsewhere along the perito- 
neal lining. The microscopic picture resembled normal splenic tissue, except 
for a paucity of lymph follicles and trabeculae as well as the presence of 
occasional atypically arranged blood vessels. These numerous small accessory 
spleens were considered as transplants resulting from seeding of the peritoneum 
subsequent to the scattering about of splenic fragments by hemorrhage from 
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the ruptured spleen. This concept was designated by Buchbinder and Lipkoff 
as “splenosis.” 

That splenosis resulted from the autotransplantation of splenic tissue was 
opposed by von Stubenrauch,’* ” who, reporting his case and subsequently 
another, was the most ardent proponent of the “splenoid” theory, which was 
at that time generally accepted. Von Stubenrauch reasoned that loss of 
splenic tissue can be compensated in several ways: by cellular changes in bone 
marrow and lymph nodes, as well as in preéxisting hemolymph nodes; by 
regeneration of the main mass of splenic tissue when incompletely removed 
or by hypertrophy of true accessory spleens; or by formation within the 
peritoneum of organs having a structure similar to that of splenic tissue 
which he named “splenoids.” These splenoids formed as a sort of replace- 


TABLE V 
INCIDENCE OF ACCESSORY SPLEENS IN PRIMARY THROMBOPENIC PURPURA 
No. of Cases No. of Cases Percentage Incidence 
Decade Operated with Accessories of Accessories 
Re BOE a ipcc hk os a disiore Shel oe 9 4 44.0% 
SUMP CGI (rs ko Goat wendie@ikie We 6 2 33.3% 
0 ee ee ne 8 3 37.5% 
SU eR ee 3 0 00.0% 
RNC Rls 6 yeas aioe 6 2h ski sisi = 3 1 33.3% 
Se eee 2 0 00.0% 
MEI odes DS as ow) 5 Seo pas'ss © 91515 4)'5 si “4 0 00.0% 
TABLE VI 
NUMBER OF ACCESSORY SPLEENS PER PATIENT—BY DECADES 
Patients One Two Three Four Five Six Eight Ten 
Decade with Acc. Acc. Acc. Acc. Acc. Acc. Acc. Acc. Acc. 
ee 14 8 2 2 1 1 
RMN ios Gro ess 5 ns 0: 3 ies 9 2 3 1 1 1 1 
ot SI SOE ee 11 6 2 2 1 
og Soe eee 4 1 2 1 
ee 7 4 1 2 
Co SS ere 8 3 3 1 1 
Lt ee ee 2 2 
Sepa EE pa 5.0 6 cis s > sips 5-0.5'0 1 1 
SE) See ee gar eee 56 26 13 7 4 2 1 2 1 


Total of 131 accessories in 56 patients 


ment for the removed spleen. Kreuter,?4 however, showed by his research 
on Rhesus monkeys that total splenectomy did not result in any such com- 
pensatory formations. Embryologically, the spleen develops from anlagen 
in a specific area of the celomic epithelium (left side of the dorsal meso- 
gastrium). Von Stubenrauch carried his idea further by presuming that under 
exceptional circumstances epithelial anlagen might occur in a number of other 
foci, thereby giving rise to any number of splenic nodules. 

The unusual anatomic locations in which splenotic nodules are found, as 
well as the circumstances under which they occur, argue convincingly against 
the “splenoid theory.” Finding these noduies on the parietal peritoneum along 
the line of incision,4® under the intestinal subserosa,!® 18 16 29 on the peri- 
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toneum of the left diaphragm and on the liver surface,)® 18 19 89 further dis- 
counts the theory since the splenic anlagen form on the left side of the cephal- 
ward portion of the dorsal mesogastrium, which is splanchnic mesoderm. 
Moreover, the location of nodules found in the lesser omentum and suspensory 
ligaments of the liver,’ ’® *® which were originally ventral mesogastrium, 
are further incompatible with the theory. 

Splenosis has not been described following splenectomy for nontraumatic 
disease of the spleen, save in one questionable instance.” This raises further 
objection to the “splenoid theory.” Thus, not removal of the spleen, but 
rather trauma resulting in seeding of the peritoneum with small splenic frag- 
ments, appears to be the important factor in producing splenosis. The ques- 
tionable case’ may as reasonably be considered as splenosis resulting from 
peritoneal seeding with splenic fragments liberated during the process of a 
splenectomy. The findings reported are in accord with the mechanism of 
autotransplantation. 

Splenosis subsequent to traumatic rupture of the spleen is but rarely en- 
countered. However, its actual frequency is not known owing to the limited 
number of celiotomies, or of necropsies, on those abdomens in which splenec- 
tomy was previously successfully accomplished for traumatic rupture. Spleno- 
sis, according to our present knowledge, is best regarded clinically as an auto- 
transplantation of splenic tissue. 

Moreover, it is now well established that autotransplantation of splenic 
tissue may be readily accomplished experimentally. Even von Stubenrauch" 
successfully implanted autogenous splenic fragments in many and various 
experimental animals. He also observed that transplanted splenic tissue tends 
to regress, and consequently discounted the phenomenon of autogenous trans- 
plantation. Kreuter?! excised the mammalian spleen and smeared its pulp 
over the peritoneal surfaces. Later, he found widely scattered nodules resem- 
bling splenic tissue. Putschar?* went further in placing autogenous splenic 
implants in subcutaneous tissue, in addition to those on the peritoneum. All 
but two of Putschar’s transplants developed into splenic nodules, even those 
developing within the subcutaneous tissue, remote from celomic epithelium. 

Roettig, Nussbaum and Curtis** successfully implanted splenic tissue on 
the peritoneum (parietal as well as omental and mesenteric) in the rabbit. 
They observed that splenotic nodules became grossly visible in the rabbit not 
earlier than six months following the seeding of the peritoneal surfaces. 
Kupperman’s report!” of a 15-year-old boy developing splenosis within six 
months after an emergency splenectomy for traumatic rupture, indicates that 
in man occurs an even more rapid development of splenic tissue transplanted 
to peritoneum. Putschar,?? and also Perla, observed serially in rats that 
splenic transplants to muscle and subcutaneous tissue fully regenerate within a 
period of from two to three weeks. 

Shaw and Shafi,!® after studying their patient with splenosis, report an 
atypical framework within the splenotic nodules. They even found one nodule 
in the left pleural cavity at the level of the eighth dorsal vertebra and another 
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just inside the capsule of the left lobe of the liver. It was difficult to explain 
their presence in these locations save by assuming an unrecognized rent in 
the diaphragm or a tear in the liver surface, which healed without leaving a 
visible scar. We have found no instance reported wherein these spienotic 
nodules, arising after splenectomy for rupture of a normal spleen, subsequently 
became the seat of primary splenic disease. 


SPLENOSIS FOLLOWING THE USUAL SPLENECTOMY 


The mechanism active in the establishment of splenosis thus becomes of 
clinical significance during a splenectomy for primary splenic disease, since 
the spleen may be accidentally torn either during manipulation of dislocation or 
because of capsular adhesions. Resultant fragments may thus fall onto 
peritoneal surfaces where they implant and thus give rise to splenosis. In a 
patient with congenital hemolytic icterus it is reasonable to assume that such 
might result in a recurrence. As reported by McLaughlin,’ a patient with 
congenital hemolytic icterus remained well for two years following splenec- 
tomy, and then suffered recurrence. During the succeeding five years she was 
given go blood transfusions. At necropsy, a striking enlargement of all ab- 
dominal “hemolymph” nodes, ranging from I to 3 cm. in diameter, was 
observed. No accessory splenic tissue was reported even after careful search. 

The now well-established concept of splenosis, with autotransplants spread 
throughout the peritoneal surfaces, the similarity in structure of the hemolymph 
nodes as well as their infrequency of occurrence and limited distribution, all 
give rise to some uncertainty. Perhaps it is more reasonable to regard this 
case as an example of accidental “seeding” of the peritoneal surfaces with 
splenic tissue during a difficult splenectomy, rather than as a compensatory 
enlargement of differing lymph nodes. Following such a concept, we should 
even be cautioned as to the technic of splenectomy, to avoid tearing of the 
spleen or after such an injury, against the spilling of splenic tissue out into the 
peritoneal cavity. Taking note of the successful transplantations of Putschar,** 
and Perla,?* into subcutaneous tissue and muscle, we should avoid “contam- 
ination” even of the abdominal wound. 


SURGICAL LOCATION OF ACCESSORY SPLEENS 


To avoid overlooking accessory spleens a routine search should be made, 
after the major spleen has been removed and hemostasis effected, in the fol- 
lowing approximate order: (1) The hilar region; (2) the splenic pedicle; 
(3) the retroperitoneal region surrounding the tail of the pancreas; (4) the 
great omentum, and especially along its attachment to the greater curvature 
of the stomach; (5) the splenocolic ligamentary attachments; (6) the mesen- 
tery of both large and small intestines ; and (7) in the female, the left adnexa. 
Because in three out of four** (36—Table II, No. 7) (Table II, No. 55) 
proved recurrences, the overlooked accessory spleens were later found in 
the retroperitoneal region, about the tail of the pancreas, this area should be 
searched with especial care. Moreover, owing to our present knowledge of 
splenosis, search should also be made for any fragments torn off because of 
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capsular adhesions or clamping too close to the hilus when a short pedicle is 
encountered. The location incidence of 131 accessories found in the 56 
patients is presented in Table VII. This reveals an increasingly greater 
incidence, a doubling frequency, as one approaches the hilus of the major 
spleen. 

Accessory spleens have also been reported in other regions, as in the tail 
and body of the pancreas, and even in the scrotum attached to the tunica 
albuginea of the left testis.°° °° ** According to the diminishing frequency of 


TABLE VII 
LOCATION OF 131 ACCESSORY SPLEENS 
No. of Percentage 
Location Accessories Incidence 
TERR hog G oe sve io a 9G OE to Swte eee bales pit eiew es se btcthes Saxe 71 accessories 54.20% 
Sy RES A ratte OAS i ea oe ee 33 accessories 25.10% 
NNN NI 25) pi Pranic is) 2. gi aiva,S ais, ood. Bae -w.relss 18S WMG, a0 9:b%e lle she wards PME Oe 16 accessories 12.20% 
PP EEMMEERE ois Sage Siclstace cena be ce swledee da emraen 8 accessories 6.10% 
Splenocolic ligament................. 6 aibpawie. dalatae dua ied s 2 accessories 1.50% 
ONE) CIPOOT GI 66 i hae iw ees fo mtctitdy oS Oss Side 1 accessory 0.75% 


accessories as one departs from the major spleen (Table VII), an indicated 
3 per cent may possibly be found in the region of the pancreas, a further 
indication for careful exploration of this region after the splenectomy. 


THE DISTRIBUTION OF ACCESSORY SPLEENS 

Accessory spleens but rarely occur in two different locations in the same 
individual (eight times in 178 cases) (Tables II and VIII). Eighty-five 
point seven per cent of the patients with accessories, varying from one to 
eight in number, had them in a single iocation. In no instance were accessory 
spleens found in more than two locations in the same patient (Table VIII). 
In all eight instances of double location, accessories at the hilus always con- 
stituted one (hilus and omentum, four cases; hilus and pedicle, two cases; 
hilus and splenocolic ligament, two cases—total eight). The location of ac- 
cessory spleens may be described as hilar, at the pedicle, or in the omentum, 
rather than in designated splenic ligaments. This appears the more funda- 
mental since it indicates their distance from the major spleen, a significant 
factor in their development. 

In two instances of unusual locations of accessory spleens the pattern of 
distribution did not vary from that observed in this series. In a patient with 
Hodgkin’s disease with complete situs inversus, Rhodes and Grunberg”® found 
at necropsy nine accessory spleens separately suspended from the greater 
curvature of the stomach, a single location. Also Olken’s case”’ presented, 
in addition to a left scrotal accessory, a second accessory spleen at the hilus. 





THE EMBRYOLOGIC BACKGROUND 


The occurrence of accessory spleens as well as their various locations, 
even in the scrotum, can be more clearly understood by considering five phases 
‘of splenic embryonic development”® *°: (1) the manner of formation of the 
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major spleen, with its notches and lobulations, by fusion of separate splenic 
masses originating on the left side of the dorsal mesogastrium ; (2) the forma- 
tion of accessory spleens by failure of splenic anlagen to fuse; (3) the forma- 
tion and development of the subjacent dorsal mesogastrium into the various 
peritoneal ligaments and bursae, carrying along the accessory spleens to their 
various distant locations; (4) the development of the splenic artery and its 
branches, providing a similar blood supply to both splenic lobules and acces- 
sory spleens* ; and (5) the embryonic contiguity of the splenic anlagen to the 
genital ridge, permitting an accessory spleen to become attached to the left 
gonad.2> 26. 27 

The splanchnic mesoderm surrounds the entodermal gut tube, forming a 
dorsal mesogastrium which suspends the embryonic gut from the midesophagus 
to the cloaca. Dorsal to the stomach the mesothelium and subjacent cells on 
the left side of the dorsal mesogastrium differentiate to form several splenic 
anlagen. Microscopically, the splenic anlagen appear as areas of varying size 
and differentiation. By subsequent fusion of many of these splenic aggregates, 
a single organ is eventually formed. One or more of these small splenic 
“hillocks” may not form close enough to the main group, or early enough to 
fuse with them, and, thus, an accessory spleen may be formed. The notches 
and lobules of the major spleen appear to originate as a result of partial or 
incomplete fusion of separate splenic masses.** 

Whether failure or fusion occurs cephalad, ventrad, or caudad from the 
major masses, and whether this occurs early or later in embryonic develop- 
ment, appears to determine the eventual location of the accessory spleen. If 
failure of fusion occurs immediately ventrad, relatively late in development, 
hilar accessories presumably will occur. If the same splenic mass fails to fuse 
earlier, the subjacent growing dorsal mesogastrium will displace it from the 
hilus, presumably to become a pedicle accessory spleen. The same phenomenon 
underlies omental accessories when one takes into consideration that the great 
omentum began as part of the mesogastrium immediately dorsal to the greater 
curvature of the stomach. 

Accessories within the intestinal mesentery result from an early failure of 
fusion of an anlage caudad to the aggregate splenic mass. An accessory in 
the splenocolic ligament arises from a splenic anlage in that part of the 
primitive mesentery of the colon that does not fuse with the parietal peritoneum 
but which becomes fused to the peritoneum of the splenic pedicle. No acces- 
sories have been found in the head of the pancreas, which originates as a 
ventral budding of the gut entoderm. However, accessories do occur about 
the body and tail, which is surrounded by the dorsal mesogastrium from which 
the splenic anlagen arise. 

Retroperitoneal accessories become thus situated because they are within 
those portions of dorsal mesentery which fuse to the posterior parietal peri- 
toneum, such as the mesentery of the colon and the mesentery dorsal to the 
pancreas. Paul*! reports the instance of two retroperitoneal accessory spleens 
just lateral to the peritoneal attachments of the ascending colon on the right 
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side. This right-sided location is presumably the result of rotation and 
elongation of the developing colon together with its suspending mesentery. 
Mediastinal accessory spleens presumably may occur'® as a result of em- 
bryonic factors, since the dorsal mesogastrium originally extends into the 
mediastinum, suspending the esophagus. They result by failure of fusion of a 
cephalad splenic mass. 

An accessory spleen attached to the tunica albuginea of the left testis or to 
the mesovarium of the left ovary may be traced to the original close prox- 
imity of the mesonephros with its medially placed genital ridge, to the embry- 
onic spleen. A splenic mass, contiguous to the genital ridge, may attach 
itself to the gonadal anlage and later actually descend into the left scrotum 
or pelvis. 

Variations in the anatomic pattern of the splenic artery, and of the asso- 
ciated morphology,*” also indicate that the spleen develops from multiple 
anlagen. Ssoson-Jaroschewitsch described two types of splenic artery: (1) 
The “magistral” type, which is a long single artery dividing near the hilus 
into two or three terminal branches; and (2) the “distributed” type, in which 
a short artery divides into eight to 12 branches relatively far from the spleen. 
Furthermore, the “distributed” splenic artery was usually associated with a 
greatly lobulated and unevenly contoured spleen, whereas the “magistral” was 
usually associated with a spleen of relatively smooth contour. Michels* 
pointed out that the tubercles and lobules of the spleen were supplied by 
separate arterial twigs which arose from splenic artery branches, and that 
areas separated by incisurae also had separate arterial supplies. A develop- 
mental history of multiple splenic anlagen, each with its own arterial twig, 
accounts for such a separate blood supply. 

Michels incidentally describes a few instances of accessory spleens, found 
in the gastrosplenic and splenocolic ligaments, which received their blood 
supply from the inferior polar branches of the splenic artery. The accessory 
spleen, supplied by a branch of one of the splenic artery terminals, which also 
supplies a major spleen lobule, furnished further evidence that its origin 
was as one of the aggregate masses intended to form part of the spleen early 
in development, but having failed to fuse, carried with it its original blood 
supply. Thus, the accessory spleen represents a greater degree of fusion- 
failure when compared to cleft and lobule formation of the major spleen. 

The origin of an accessory spleen, found attached to the tunica albuginea 
of the left testis is vividly indicated in Olken’s case.** A continuous narrow 
bridge of splenic tissue extended from the scrotal accessory up through the 
inguinal canal and internal inguinal ring to connect with the posterior inferior 
aspect of the major spleen, which occupied its normal position. Sneath’s 
case®® is similar, except for a gap in the splenic bridge in the lower abdomen. 
The splenic tissue tapers to a thin cord below the spleen, and continues as a 
thin strand of peritoneum to the scrotal accessory. The case reported by 
Emmett and Dreyfuss”® did not present the connecting link of splenic tissue, 
but in its place was a fibrous band. 

288 





ery 
46 


O 


h 
n 


| a | 





Volume 123 THE ACCESSORY SPLEEN 


Number 2 


In the embryo the contiguity of the left genital ridge, lying along the 
medial side of the mesonephros, to the developing spleen permits a splenic 
anlage to become attached to the mesentery of the embryonic gonad. The 
developmental descent of the gonad with its mesentery thereupon carries the 
attached spleen into the left pelvis in the female or into the left scrotal sac. 
Judging from Sneath’s and Olken’s cases, separation of the gonadal accessory 
spleen from the major spleen may be incomplete, and from Emmett and 


Dreyfuss’ case, complete. 


ACCESSORY SPLEENS CAUSE RECURRENCE 


Morrison, Lederer and Fradkin® originally called attention to accessory 
splenic tissue as a probable cause of recurrence following splenectomy for 
primary thrombocytopenic purpura. They reported two cases for which 
splenectomy was successfully accomplished, yet only one fully recovered. 
At the time of splenectomy in the case that did not recover, an accessory spleen 
was observed but not removed, because its significance was then not fully 
appreciated. 

Curtis and White® regarded the unremoved accessory spleen as the cause 
of recurrence following splenectomy for congenital hemolytic icterus or for 
primary thrombocytopenic purpura. They refer to hemolymph nodes as 
possibly capable of either continuing or acquiring hemolytic properties in 
excess of normal and thereby contributing to the recurrence of congenital 
hemolytic icterus. Vaughn,** in a review of the treatment of primary thrombo- 
cytopenic purpura, stated that relapse occurring subsequent to a period of 
satisfactory recovery after the splenectomy was probably due to the devel- 
opment of a spleniculus. Moreover, he tabulated a 17 per cent recurrence 
of primary thrombocytopenic purpura following splenectomy in 303 cases 
collected from the literature. Watson and Moir** suggest that the 11 per cent 
incidence of accessory spleens found by pathologists (Adami and Nichols’), 
compares closely enough with the 17 per cent incidence of recurrence to explain 
its cause. 

Watson and Moir** reported primary thrombocytopenic purpura in a 
woman of 43 for whom splenectomy was accomplished and following which 
she was practically well for six years, although occasionally mild symptoms 
were noted. Recurrence of the severe hemorrhagic tendency finally caused 
the patient’s death. At necropsy, an accessory spleen was found one centimeter 
above the tail of the pancreas, and meaured 2.8 cm. in diameter. This 
weighed 12 Gm., and was verified microscopically. Sufficient megakaryo- 
cytes were noted in the bone marrow. The idea that accessory spleens might 
be the cause of the recurrence was advanced even before the patient’s death 
but was not seriously considered. 

McLaughlin, Sharpe, and Cunningham, in discussing the results of 
splenectomy for familial hemolytic jaundice, reported 13 cases. They ad- 
vanced the opinion that when sufficient evidence of hemolysis reappears, sub- 
sequent to splenectomy, it may be assumed either that (1) the original 
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diagnosis was incorrect; or (2) that overlooked splenic tissue had become 
active; or (3) that hemolymph nodes had hypertrophied and assumed exces- 
sive hemolytic activity. McLaughlin’ cites an instance, previously referred to 
under splenosis, of congenital hemolytic icterus remaining well for a period of 
about two years subsequent to splenectomy. At the end of this interval the 
patient developed profound anemia because of recurrence. At necropsy a 
striking enlargement of the “abdominal hemolymph nodes,” ranging from 
i to 3 cm. in diameter, was observed. No accessory splenic tissue was found 
by the pathologist, in spite of a careful search. This latter report is not entirely 
clear to us. Hemolymph tissue is not frequent in the human abdomen. More- 
over, its distribution is limited. There might even arise some question as 
to its identity and histologic differentiation. The evidence, both clinical and 
experimental of autotransplantation as the cause of splenosis, as well as the 
fact that hemolymph tissue may resemble the atypical splenotic structures, 
would favor this case as one of recurrence due to the development of splenosis 
from “seeding” of the peritoneum at the time of splenectomy. 


OUR OWN TWO RECURRENCES 


Two pertinent cases indicating that accessory spleens, if left behind at 
the time of splenectomy, can cause recurrence of the primary splenic disease 
(congenital hemolytic icterus or primary thrombocytopenic purpura) for 
which the spleen was originally removed, occurred in this series of 174 con- 
secutive splenectomies. 

The first, referred to by Dr. Charles A. Doan,** in 1940, is as follows: 


CASE REPORTS 


Case 1.—G. P., female, age 4.5 years, entered the University Hospital, September 12, 
1033, appearing pale and listless. She had always been somewhat anemic. Three months 
previously she began experiencing sudden episodes of listlessness. One month previously 
she suffered a similar attack with which was associated definite icterus. Her family 
history later revealed the familial tendency to hemolytic jaundice. 

Physical examination revealed normal development. The child was extremely ill, 
lethargic, poorly nourished, and presented a definite icteric tint to the skin. The spleen 
was enlarged, extending 4 cm. below the costal margin, with a palpable notch along its 
medial border. No petechiae were observed. Sclerae were not jaundiced. Small cervical 
and axillary lymph nodes were palpable. Lungs were clear. Heart was negative except 
for an hemic systolic murmur heard at the apex, and a rate of 120. Blood pressure was 
86/36. Nail beds were cyanotic. The icterus was not of obstructive origin. Erythrocyte 
count was 600,000 per cu. mm., hemoglobin level too low to be read, and there were 
nearly 100 per cent reticulocytes. 

Oxygen was liberally administered, also two small intraperitoneal blood transfusions, 
during the next few days while observing the patient and arriving at a diagnosis. The 
temperature varied from 99° to 101.8° F. The jaundice was deepening. A diagnosis of 
congenital hemolytic icterus was made. An emergency splenectomy was performed 
September 16, 1933, by Dr. V. A. Dodd. The erythrocyte count immediately rose from 
1,020,000 to 2,070,000 postoperatively. Two hundred cubic centimeters of citrated whole 
blood was infused into the peritoneal cavity before closing the abdomen. Supravital 
studies of the freshly removed spleen, made by Dr. Charles A. Doan, revealed the “path- 
ognomonic picture of hemolytic icterus, engorgement of R. B. C. in 4-5 phagocytic clas- 
matocytes per oil immersion field. No P. M. N., monocytes, or epithelial cells.” 
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Convalescence was stormy because of gastric atony and dilatation, that responded 
slowly to treatment, also, because of a transitory obstructive jaundice with clay-colored 
stools lasting three to four days and followed by spontaneous clearing. Patient left the 
hospital on October 19, 1933, her 32nd postoperative day, feeling fine, eating well, and 
with an erythrocyte level at 3,230,000 per cu. mm. Recovery was apparently complete. 

Four years and four months later, the child, now nine years old, was readmitted, 
February 21, 1938, to the University Hospital. In the interim she had been periodically 
observed by Dr. Charles A. Doan, who found no recurrence of her disease until one 
month previously. At that time, January 21, 1938, definite hemolysis was observed, 
associated with return of the original symptoms. In the month preceding this second 
hospital admission, the erythrocyte count had fallen to 2,409,000, with the hemoglobin at 
zo per cent, while the reticulocytes had risen to 39 per cent. A leukocyte count of 10,350, 
with an approximately normal differential for a nine-year-old child, and a platelet count 
of 1,727,000 were noted. After clinical study it was decided that the patient presented a 
recurrence of the hemolytic anemia. Therefore, it was deemed advisable to explore the 
abdomen and search for the accessory splenic tissue suspected of causing the recurrence. 
Accordingly, February 22, 1938, the abdomen was reopened by Dr. V. A. Dodd through 
a left paramedian incision. Two small accessory spleens were discovered in the retro- 
peritoneal tissue, over the tail of the pancreas, and were removed. In addition, biopsies 
of the liver and of the enlarged lymph nodes present in the mesentery and in the retro- 
peritoneal region, were taken. 

Supravital studies of the accessory spleens by Dr. Charles A. Doan showed many 
highly phagocytic clasmatocytes engorged with red blood cells and engulfed pigment. 
The lymph node and liver sections revealed no excess of phagocytic elements. 

Following the accessory splenectomy the patient made a gradual and persistent recov- 
ery, with subsequent rise of the circulating erythrocytes and fall of the reticulocytes. 
This patient, observed for two years afterwards, remained completely free from any 
evidence of recurrence of the congenital hemolytic icterus. 


Thus, is presented a case of congenital hemolytic icterus that recurred 
subsequent to splenectomy. The recurrence was regarded as due to accessory 
splenic tissue not removed previously, the patient was explored, accessory 
spleens were found, removed, and the patient, thereupon, again recovered and 
remains symptom-free. 

Certain questions may be raised, nevertheless, concerning the true nature 
of congenital hemolytic icterus. With two accessory spleens remaining, why 
was recovery apparently complete, and later, what was the pathogenesis of the 
reprecipitation of the disease? The second case report may be originally pre- 


sented as follows: 


Case 2.—V. M., female, age 21, was admitted to the University Hospital, Septem- 
ber 4, 1942, a primipara seven months pregnant. She complained of bruising upon slight 
injury, bleeding gums, and intermittent fatigue of four months duration, starting during 
her third month of gestation. Petechiae and later ecchymoses appeared, first on the 
expanding abdomen and later upon the arms. Hematuria was noted three times during 
a 24-hour period during the third month of pregnancy. Epistaxis occurred occasionally. 
Three weeks prior to admission she vomited dark red blood, and was hospitalized for 
several days. Her past history and system review were otherwise essentially negative. 

Physical examination revealed a well-developed, well-nourished young woman, age 
21, lying quietly in bed. The enlarged abdomen of seven months pregnancy presented 
numerous petechiae and ecchymoses in addition to those over the extremities and back. 
The nose was bilaterally congested, with some bleeding from the right nostril. The pale 
oral mucosa showed evidence of recent bleeding. Tonsils were of moderate size. Mod- 
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erate lymphoid hyperplasia was present on the posterior pharyngeal wall. One right 
anterior cervical lymph node was slightly enlarged as was also one of the left supra- 
clavicular group. Breasts were normal for the pregnancy. Chest was clear. The uterine 
fundus extended two fingersbreadth above the umbilicus. The fetal heart rate was 1 50. 
Reflexes were physiologic. 

Laboratory data on admission showed a peripheral blood count of 9,050 leukocytes ; 
3,280,000 erythrocytes; and 6,519 platelets per cu. mm The differential, by supravital 
technic, was P. M. N. 70 per cent, P. M. B. 2 per cent, small lymphocytes 4 per cent, 
intermediate lymphocytes 4 per cent, monocytes 4 percent, and reticulocytes 7.8 per cent. 
The hemoglobin was 9.9 Gm. per cent (Newcomer). Three days later no platelets could 
be found in the peripheral blood. Supravital bone marrow studies showed adequate 
megakaryocytes with a fairly normal differential, revealing some left shift of both red 
and white cell elements, consistent with pregnancy. Urinalysis was negative. Serology 
was negative. Prothrombin time was 115 per cent, blood urea nitrogen 11.0 mg. per 
cent, blood sugar 78.4 mg. per cent, and blood chloride 564 mg. per cent. The feces 
showed blood, chemically and microscopically. 

The patient was carefully investigated, and a diagnosis of primary thrombocytopenic 
purpura was made by Dr. Bruce K. Wiseman, who referred the patient for splenectomy. 
Preparation consisted of daily blood transfusions, two ampules of thyloquinone daily, and 
daily intramuscular corpus luteum extract, for a preoperative period of three days. 

On September 9, 1942, under cyclopropane-oxygen with supplemental ether anesthesia, 
the abdomen was opened through a left rectus incision. The uterus, with its fundus high 
above the umbilical level, appeared quite characteristic. Fetal movements were discern- 
ible. The wound oozed considerable capillary blood. The characteristic small, purplish, 
apparently “normal” spleen of thrombocytopenic purpura was found moderately posterior 
in position, and attached by a short pedicle. Owing to technical difficulties resulting from 
the large pregnant uterus added to those encountered in a splenectomy of this type, the 
splenic pedicle was isolated, surrounded by the finger and thumb of the left hand and 
then clamped blindly. Due care was taken to exclude the stomach and tail of the pancreas. 
A second clamp was then applied, between the first and the hilus. The spleen was then 
luxated forward and removed by cutting between the two clamps. Hemostasis was 
secured by silk ligatures. An exploration for accessory spleens was then made, but none 
were found. Closure in layers was then accomplished using interrupted silk throughout. 
The patient left the operating room in excellent condition. 

The pathologist, Dr. Harry L. Reinhart, reported the histologic picture as “com- 
patible with thrombocytopenic purpura.” There was a moderate hyperplasia of the 
reticulo-endothelial system, a decrease in the amount of lymphoid tissue, and consider- 
able congestion. 

Postoperative course was uneventful except for abdominal distention on the third 
postoperative day. This was relieved by continuous gastric suction. A fever, ranging 
preoperatively from 99.0° to 99.4° F. reached its peak, 100.8° F., on the day of operation, 
returning completely to normal range by the 11th postoperative day. There was no 
disturbance of the water or mineral balance or of kidney function. No evidence of 
increased uterine motility was manifest at any time. The patient steadily improved. 

The postoperative hematologic recovery during her hospital stay consisted of the 
characteristic rise in peripheral platelets, from a preoperative range between zero and 
12,520 per cu. mm. to an immediate postoperative rise within a few hours to 39,600 per 
cu. mm. This was followed by a gradual increase to 306,000 by the fifth postoperative 
day and subsequently to between 627,000 and 793,000 per cu. mm. during the last few days 
before dismissal. Peripheral erythrocytes varied from 3,280,000 on admission to 3,410,000 
at the time of dismissal. Reticulocytes were 7.8 per cent on admission and 6.4 per cent 
on dismissal. Leukocytes showed no significant variation. A few days before dismissal 
an indirect van den Bergh was 1.1 mg. per cent, and the direct van den Bergh was 
delayed three minutes. The icteric index was 20. Clinically, the patient became 


292 








iTgery 

1946 
‘ight 
pra- 
rine 
150. 


tes; 
ital 
ent, 
ent. 
wuld 
late 
red 
gy 
per 
ces 


VS be 


—_— Ww 





a THE ACCESSORY SPLEEN 


stronger and showed no further tendency to bleed. Her wound healed well. She was 
dismissed on the 19th postoperative day. Two months later she delivered at full term 
a normal baby girl. Both parturition and puerperium were quite normal. 

Nearly two years later the patient, now 23 years old, was admitted, July 1, 1944, to 
the service of Dr. T. A. Spitler at the Findlay Hospital. She had been apparently quite 
normal since splenectomy, until a few days before this admission. She became tired and 
weak, and noted gingival and vaginal bleeding, together with epistaxis. Her pulse was 
regular and around 114, temperature 101° F., respirations 30, erythrocyte count 4,070,000, 
with 70 per cent hemoglobin ; leukocytes 15,000, with 89 per cent neutrophils, 64 of which 
were nonsegmented, I1 per cent lymphocytes and 1 per cent myelocytes. The urine was 
brownish-red and loaded with red blood cells. 

The next day she vomited dark red blood frequently, and was given 2,000 cc. of 
fluids intravenously. Temperature rose to 104° F., pulse to 126, and her respirations 
ranged in the thirties. A blood culture, taken after the patient began chilling, later proved 
negative. On July 3rd, numerous tarry, semiliquid stools were passed, and several chills 
occurred. She was then bleeding severely, the erythrocyte count by evening had fallen 
to 1,420,000, with 20 per cent hemoglobin. The leukocytes remained unchanged. The 
temperature decreased to 101.2° F., and the pulse became thready. Early the next morn- 
ing, July 4th, the patient expired. 

Necropsy was performed by Dr. T. A. Spitler. The stomach was distended, con- 
taining more than a quart of bloody fluid. The gastric mucosa presented myriad petechiae 
and several points of active bleeding. No ulcer was found. Liver was normal in size 
and shape. The spleen and appendix were both absent. There were hemorrhagic areas 
on the descending colon and along the small intestine. Two small nodular masses were 
found retroperitoneally, attached near the tail of the pancreas. These resembled acces- 
sory spleens, and consequently were sent to us, together with the other tissues, for further 
study and microscopic examination. 

The pathologist to the University Hospital, Dr. Harry L. Reinhart, reported as 
follows: V. M., Autopsy No. 35083. Gross. The specimen consists of portions of ribs, 
the tail of the pancreas with two small accessory spleens attached, three lymph nodes, a 
portion of the liver and a portion of the kidney. Lymph nodes were slightly enlarged, 
measuring approximately 1 cm. in diameter. The accessory spleens are about 1.5 cm. in 
diameter. Other tissues are not remarkable. 

Microscopic.—Spleen: Moderate enlargement of the accessory spleens, due largely to 
sinuses packed with monocytes and clasmatocytes containing phagocytized pigment and 
other débris. Malpighian bodies present, also lacked protein and fibrinoid deposit. Lymph 
Node: Marked edema of lymphoid tissue, great dilatation of sinuses. Sinuses contain 
clasmatocytes and monocytes actively engaged in phagocytosis of pigment, red cells, white 
blood cells and débris. Bone Marrow: Slightly hypoplastic. Large number of giant cells 
both mononuclear of the megakaryocytic type, and polynuclear of the osteoblastic type. 
There is also evidence of clasmatocytic activity. Kidney: There is diffuse distribution of 
leukocytes around the tubules. Most of these appear eosinophilic. The cause is not 
apparent. Liver: Periportal collections of leukocytes and marked phagocytosis of blood 
pigment by the Kuppfer’s cells. Pancreas: No noteworthy pathology. 


Thus, is presented the second instance of proved recurrence subsequent to 
this series of 174 splenectomies. Two accessory spleens were found at necropsy. 
Again, it appears that accessory spleens, if left behind, may cause eventual 
recurrence of primary thrombocytopenic purpura. To the reports of the 
infrequency of primary thrombocytopenic purpura occurring during preg- 
nancy and the relative rarity of successful splenectomy during pregnancy for 
this disease,37 this case may be added. Recurrence of symptoms subsequent 
to splenectomy occurred later during a pregnancy in several reported cases 
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and then disappeared after parturition. No direct observations of accessory 
splenic tissue could be made in these instances because of the vaginal route 
deliveries and the spontaneous postpartum recoveries from the thrombocyto- 
penic purpura. The important facts of our case are the onset of the disease 
during pregnancy and the maintained recovery subsequent to splenectomy, 
Other reports have indicated recurrence of symptoms postsplenectomy, with 
a spontaneous recovery at its termination. The fact that recurrence did not 
appear in our patient during the remainder of the pregnancy in the known 
presence of accessory spleens suggests that there is no causal relationship in 
pregnancy upon the activation of primary thrombocytopenic purpura. 


ACUTE INFARCTION OF THE ACCESSORY SPLEEN 


Accessory spleens may become the seat of acute disease bearing no direct 
relation to the major spleen. Thus, torsion of the pedicle by which the acces- 
sory spleen is attached soon leads to severe circulatory disturbance and even- 
tually necrosis. Settle*® reports two such cases, both in children, four and 
eight years old. 


ABBREVIATED CASE REPORTS (SETTLE) 38 


Case 1.—A four-year-old male child presented severe abdominal pain with a dis- 
tended, tympanitic and somewhat rigid abdomen. The point of greatest tenderness was 
in the left upper quadrant. Peristaltic waves were inaudible. The acute pain had been 
present for three days, with nausea and vomiting. Twenty-four hours after onset, chills, 
fever, and dehydration complicated the picture. Past history revealed that the child had 
occasionally cried out with abdominal pain during the two previous years. Temperature 
was 102.4° F., pulse 120, leukocytes 21,000, with 92 per cent P. M. N. 

Upon opening the peritoneal cavity through a left rectus incision, eight hours after 
admission, 300 cc. of cloudy straw-colored fluid was found. Several loops of small bowel 
covered with fibrin, as well as the colon, were adherent to an orange-sized mass in the 
left upper quadrant. Kinking had produced obstruction of the small bowel. After 
dissecting away the loops of adherent bowel, an encapsulated tumor was found attached by 
a two-inch pedicle to the gastrosplenic ligament. The mass was quite soft, covered with 
fresh fibrin and its pedicle was in a state of advanced torsion. The mass was removed, 
and the major spleen observed to be normal in size, shape and position. Microscopic 
diagnosis revealed complete infarction of an accessory spleen. 

Case 2.—This patient was an eight-year-old female child, with a less acute course. 
Epigastric pain with tenderness, greatest over left upper quadrant was noted. Localized 
moderate rigidity was present in this area. An indistinctly movable, tender, lemon-sized 
mass was palpable in the left upper quadrant. Leukocyte count was 13,000. At operation, 
an accessory spleen, with its pedicle in torsion and arising from the gastrocolic ligament, 
was found and removed. 

Both patients made uneventful recoveries. Thus, an accessory spleen 


attached by a pedicle, which becomes twisted, may become hyperemic and 
infarcted, and cause an “acute abdomen,” even with intestinal obstruction. 
The age-incidence in these two patients bears out the greater frequency of 
accessories in children. 


SUMMARY 


The end-result of splenectomy for congenital hemolytic icterus or primary 
thrombocytopenic purpura is influenced by whether accessory spleens which 
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may be present are found and removed. This was suggested in 1928 by Mor- 
rison, Lederer, and Fradkin for primary thrombocytopenic purpura. Subse- 
quent observations, particularly of accessory spleens found in recurrences after 
splenectomy, have aided in establishing this conclusion. 

The basic data upon which this report is made is presented as a list of 
the diseases for which 174 consecutive splenectomies and four abdominal 
explorations were done, and in tables showing the location of the 131 acces- 
sory spleens found in 56 of these patients. Further analyses are made. Sig- 
nificantly, the two most frequent indications for splenectomy, congenital 
hemolytic icterus and primary thrombocytopenic purpura, are the two diseases 
in which the accessory spleen, if present, must be removed along with the 
major spleen to prevent recurrence. 

The incidence of accessory spleens reported by different observers is 
as follows: 

Ir per cent of all their necropsy material, by Adami and Nichols. 

15 per cent of necropsies in children under age ten, by Sassuchin. 

20 per cent in their first 35 splenectomies, by Curtis and White. 

24 per cent in 13 splenectomies for congenital hemolytic icterus, by Mc- 
Laughlin. 

25 per cent of necropsies in children under age 17, by Jolly. 

35 per cent of their necropsy material, by Morrison, Lederer, and Fradkin. 

44 per cent in 18 splenectomies for essential thrombocytopenicepurpura, by 
Maingot. 

A greater incidence among the young has been generally noted. 

In this series of 178 consecutive patients operated upon for various splenic 
diseases, 56, or 31.4 per cent, presented accessory spleens. The 50 per cent 
incidence in the first decade as well as the 39.1 per cent in the second decade 
is even greater than the increased incidence of accessories ordinarily found in 
the young with “normal” spleens. The decreasing incidence with advancing 
age is presumed to occur normally by gradual involution and atrophy. The 
onset of a pathologic process in splenic tissue apparently causes the accessory 
to remain and thus occurs the increased frequency of accessories in those with 
certain splenic diseases. 

The greatest incidence of accessories was 57.1 per cent in the first decade 
in congenital hemolytic icterus. Forty-two point eight per cent were found 
in the second decade. In primary thrombocytopenic purpura 44 per cent were 
found in the first decade, and 33.3 per cent in the second decade. Save for 
the third decade, the incidence of accessories in congenital hemolytic icterus 
is greater than in primary thrombocytopenic purpura. 

The number of accessories per patient varied from one to ten, 26 patients 
presenting but on accessory spleen. Single as well as multiple accessories 
occurred predominantly in the young. 

The presence of splenules in great numbers, scattered throughout the 
peritoneum, appears to be a different clinical entity than true accessory spleens. 
Their occurrence is now known as splenosis (Buchbinder and Lipkoff). They 
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are to be differentiated because (1) they originate by tranplantation of frag- 
ments of splenic tissue, usually scattered about the peritoneum by hemorrhage 
from a ruptured spleen; (2) they usually occur in great numbers, reportedly 
varying from 42 to 400; and (3) they are diffusely distributed throughout 
the peritoneum, even in areas where splenic tissue does not developmentally 
arise, as on the parietal peritoneum and ventral mesogastrial layers. 

The occurrence of splenosis is closely related to the technic of the usual 
splenectomy, since loose bits of traumatized splenic tissue may accidentally 
fall onto the peritoneal surfaces and become implanted. Such implants may 
develop and even result in the original splenic disease. Such may even prove 
to be the interpretation of one recurrence of congenital hemolytic icterus 
reported as due to compensatory hypertrophy of hemolymph nodes subse- 
quent to splenectomy. Moreover, since. splenic substance may even transplant 
to subcutaneous tissues, the incision should be protected during splenectomy 
in the event that the spleen is traumatized. 

To avoid overlooking accessory spleens a routine search is made, after 
the major spleen has been removed, in the following approximate order: 
(1) Hilar region; (2) splenic pedicle; (3) retroperitoneal region surrounding 
the tail of the pancreas; (4) the great omentum and especially along its attach- 
ment to the greater curvature ; (5) colic ligamentary attachments; (6) mesen- 
tery of both large and small intestines ; and (7) in the female, the left adnexa. 

In the 56 patients the 131 accessories were distributed in these locations 
according to the following percentages: Hilar, 54.2 per cent; pedicle, 25.1 
per cent; omentum, 12.2 per cent; retroperitoneum, 6.1 per cent; splenocolic 
ligament, 1.5 per cent; and bowel mesentery, 0.75 per cent. In 85.7 per cent 
of the patients the accessories were found in but a single location. In no 
instance were accessories found in more than two locations in the same patient. 
In all instances of double location, the hilus constituted one location. 

The embryologic background of accessory spleens, as well as their various 
locations, may be more clearly understood by considering five phases of splenic 
embryonic development: (1) The manner of formation of the major spleen, 
with its notches and lobulations, from separate splenic masses originating on 
the left side of the dorsal mesogastrium; (2) the formation of an accessory 
spleen by failure of fusion of splenic anlagen; (3) the formation and develop- 
ment of the subjacent dorsal mesogastrium into the various peritoneal liga- 
ments and bursae, carrying along the accessory spleens to their various distant 
locations; (4) the development of the splenic artery and its branches, with 
similar distribution to both splenic lobules and accessory spleens; and (5) 
the embryonic contiguity of the splenic anlagen to the genital ridge, thus, per- 
mitting an accessory spleen to become attached to the left gonad and to 
descend with it into the pelvis or scrotum. 

Four instances of recurrence subsequent to splenectomy are presented. In 
all, accessory spleens were found and appeared to be the cause. Two cases 
from the literature are briefly summarized. They are the original observa- 
tions of Morrison, Lederer, and Fradkin, and of Watson and Moir, both 
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patients having primary thrombocytopenic purpura. The two recurrences 
thus far observed in our series of 174 consecutive splenectomies are reported 
in detail, one with primary thrombocytopenic purpura and the other a striking 
case in which recurrence of congenital hemolytic icterus was relieved by re- 
moval of two accessory spleens at a second operation. 

Finally, pedunculated accessory spleens may cause acute abdominal symp- 
toms from infarction due to pedicle torsion. This is shown in a summary of 
two such case reports. 
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BILIARY ASCARIASIS 
REPORT OF 19 CASES 
STEPHEN C. H. Yanc, M.D., anp Paut J. Lausr, M.D. 


CHENGTU, SZECHUAN, CHINA 


FROM THE COMBINED SURGICAL DEPARTMENTS, UNIVERSITY HOSPITAL, 
WEST CHINA UNION AND CHEELOO UNIVERSITIES, CHENGTU, SZECHUAN, CHINA. 


ASCARIASIS is one of the most common, if not the most common, helminthic 
infestation of man. In Szechuan, Chang and Ch'in’ found go per cent of 
seven different rural population groups infested. In the Philippines various 
groups range from 40 per cent to 83 per cent infested.? It is widespread 
in many tropical, subtropical, and even temperate zones. Accordingly, 
ascariasis, as such, has received considerable attention. Yet its very com- 
monness has led to a certain attitude of benign tolerance and even indifference 
on the part of the medical profession. It is all too rarely realized that 
ascariasis is a dangerous disease. Even in comprehensive works on tropical 
disease its dangers are not emphasized. For example, reference to biliary 
ascarides, by Stitt and Strong,? is limited to the following: “They may pene- 
trate into any accessible passage or space and cause bizarre and sometimes 
serious local disturbances; e¢.g., into the appendix, bile ducts, gallbladder, 
pancreatic duct, nose, sinuses, middle ear and larynx. . . . Rajahram has 
reported the case of a girl of six who died with five ascaris-containing ab- 
scesses in her liver.” Manson-Bahr* dismisses biliary ascarides with: “They 
have been known to enter the bile ducts and give rise to jaundice and abscess 
of the liver.” 

That ascarides can invade many diverse organs and areas of the body, 
giving rise to many diverse and at times fatal conditions, is attested by 
isolated reports which can be found in the literature. A survey of the Quar- 
terly Index Medicus from 1930 to 1943, inclusive, reveals 30 articles on the 
subject of biliary ascariasis from all parts of the world. All but Crowell’s? 
report concern only isolated instances of one or two cases. 

Muir® reported a Chinese case of an ascaride in the common bile duct 
and gallbladder. He quotes Aviles as having collected go cases of ascariasis 
of the common duct from the literature up to 1918. A more comprehensive 
report on the dangers of ascariasis was made by Crowell® in 1920. He states 
“migration of the ascaris into the common bile duct and thence into the gall- 
bladder or into the intrahepatic bile ducts is a frequent occurrence, and must 
be much more frequent than is indicated by the reported cases, as the diagnosis 
is made only at operation or at autopsy.” He reports 12 autopsy cases of 
ascariasis of the bile ducts and liver, six of them associated with liver abscess 
and two with pancreatic duct obstruction and pancreatitis. These cases were 
observed in the Philippines. 

In 1928, Morton® found eight reports of ascariasis of the gallbladder and 
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reported one case from Virginia. He emphasized two features: First, an 
history of ascariasis; and second, biliary tract disease. 

In 1933, Ch'in’ reported a case of acute hemorrhagic pancreatitis due to 
ascaris lumbricoides impaction in the ampulla of Vater, and listed 28 refer- 
ences to biliary or pancreatic ascariasis. In 1936, he reported a case in which 
ascariasis of the liver caused fatal hemorrhage both into the biliary tract and 
thence into the gastro-intestinal tract, and directly into the free peritoneal 
cavity. 

Three cases of biliary ascariasis were reported from Szechuan by Chen,* 
in 1943. Two of these were autopsy cases, one presenting purulent cholan- 
gitis with liver abscess, the other showing fossilization of ascarides in the 
liver. The third case was a clinical case which we report here in further 
detail as Case No. 1. 

The present communication deals with 19 cases of biliary ascariasis ob- 
served in the United Hospitals of Chengtu during the past three years. 
Twelve of the 19 cases have been seen in the past 18 months, suggesting 
perhaps that as the condition is more carefully sought for it may prove to 
be even more common than herein indicated. 


CASE MATERIAL 

Table I provides a brief abstract of 14 of our cases. All but one were 
under 28 years of age. All but two were Szechuanese, and those two had 
lived in Szechuan for over two years. Four were males, ten female. All 
complained of rather severe epigastric and/or right upper quadrant pain 
except one (No. 9) who had severe epigastric and left upper quadrant pain. 
As more of these cases were seen we came to feel that there might be a char- 
acteristic distending type of pain present in contrast to the stabbing, knife- 
like pain of cholelithiasis. One patient (No. 8) even stated that he thought 
something was crawling around inside him. All but three complained of 
vomiting. The symptomatology in general suggested cholecystitis. Five 
were jaundiced, although those seen early in their illness tended not to be 
jaundiced. Epigastric and right upper quadrant tenderness and spasm were 
common, although the one (No. 9) who had left upper quadrant pain also 
had left upper quadrant tenderness. The temperatures tended to be low, 
especially in the cases seen during the first day or two of illness. All but Cases 
9 and 12 had stools positive for ascaris ova. Eleven had a past history of 
ascariasis. Ten had had previous similar attacks. All underwent operation, 
four with the correct preoperative diagnosis, and three with biliary ascariasis 
as a suggested possibility. The remainder were diagnosed cholecystitis 
and/or cholelithiasis, except for one case diagnosed liver abscess. Three had 
acute cholecystitis. Four had distended gallbladders. Five had tense, firm 
common ducts with a typical catheter-like consistency. Through the wall of 
the tense duct the white ascaride could be visualized as a light streak. In 
these cases aspiration yielded only a few drops of bile, if any, and even on 
incising the common duct no bile escaped in several instances. Six had 
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dilated common ducts, and in the rest the operative descriptions were inade- 
quate. All had ascarides in the common duct. Typically, about one-third 
of a 20-cm. ascaride projected into one of the hepatic ducts from the site 
of choledochotomy, while the remaining two-thirds of the ascaride, the 
caudal two-thirds, extended down the common duct into the duodenum. In 
Cases 5, 7, and 14 ascarides were also partly, or completely, in the gall- 
bladder. All had choledochotomy except in the liver abscess case, who had 
incision and drainage only, and Case 5 in whom the worm was manually 
expressed out of the common duct during celiotomy. Seven choledochotomies 
were used as choledochostomies by T-tube drainage, while choledochotomies 
were primarily closed without drainage in four instances. In Case 2 an 
additional ascaride crawled out alongside the T-tube on the tenth post- 
operative day. In Case 8 a ring-like impression was noted at about the junc- 
tion of the middle and caudal thirds of the ascaride suggesting the impress of 
a spastic sphincter of Oddi. In Case 2 the doubling-up of the worm in a 
dilated common duct, with head and tail in the lower duct, suggests that at 
times the worm may enter and leave the duct spontaneously. Two deaths 
occurred, one due to pericholecystic abscess, peritonitis, and Friedlander 
bacillus septicemia ; another due to multiple liver abscesses. All other patients 
were treated with anthelmintics as soon after operation as their conditions 
permitted. 


ComMENT: The predilection for ascarides to enter any available aperture 
is well known. At times they have been found projecting through holes in 
glass beads or buttons inadvertently swallowed. In other instances the 
appendix may harbor the worm. Crowell’ reports a case in which an ascaride 
burrowed between two adjacent tuberculous intestinal ulcers. 

When apertures are not available the adult worm may burrow through 
tissues to the free peritoneal cavity, into the urinary bladder, or elsewhere. 
In one local case a deep thigh abscess harbored an ascaride, while in another 
instance an orbital abscess contained an ascaride. 

In this report attention is called to the relative frequency of ascarides in 
the bile ducts and gallbladder, and to the serious consequences which ensue. 
It is urged that the disease be regarded with greater respect, and that its 
dangerous potentialities be recognized. Patients known to harbor the parasite 
should be vigorously treated before complications develop. Where infesta- 
tion is widespread, mass therapy is indicated. 

In such areas the condition should be suspected in patients presenting 
symptoms of cholecystitis or common duct obstruction. In these cases ade- 
quate preoperative preparation followed by surgical intervention is indicated. 
Such cases also would seem to be further justification for early surgical 
treatment as opposed to conservative therapy. 


SUMMARY AND CONCLUSIONS 


Nineteen cases of biliary tract ascariasis are presented and discussed, 
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together with excerpts from the literature, to lend support to the contention 
that ascariasis is a dangerous disease. 

If in an endemic area a young person below the usual age for cholelithiasis 
presents symptoms and signs of biliary tract disease, biliary ascariasis should 
be suspected. If, in addition, the stool is positive for ascaris ova; there is a 
recent past history of ascariasis; the patient has recently vomited ascarides; 
there is an history of previous similar attacks; and the pain has a peculiar 
distending quality—then the diagnosis of biliary ascariasis can be made 


with reasonable certainty. 
Since the submission of this article for publication, five more instances 
of biliary ascariasis have been operated upon, and may be added to the 14 


summarized in Table I. 


FIVE ADDITIONAL CASE REPORTS 


Case 15.—Hosp. No. 5012—1945: A 35-year-old Szechuanese woman complained 
of right upper quadrant and epigastric pain of colicky nature for 18 hours preceding 
admission. Vomited undigested food several hours after onset of pain, but no ascarides. 
Past history of vomiting ascarides two years before, but no previous similar attacks. 
Acutely ill, writhing with pain. No jaundice. Epigastric and right upper quadrant pain 
and tenderness, with spasm. Temperature 100.4° F.; W. B. C. 12,000. Stool positive 
for ascaris ova. Preoperative Diagnosis: Biliary ascariasis. 

Operative Findings: G. B. hugely distended, thickened, neck bound down by ad- 
hesions to omentum and duodenum. C. D. dilated to 1.5 cm., not thickened, but two 
cord-like ascarides palpable in C. D. Two adult ascarides removed through choledochot- 
omy incision, one worm being doubled upon itself. Cholecystectomy and choledochostomy. 
Uneventful recovery. 


Case 16—Hosp. No. 5193—1945: A 40-year-old Szechuanese woman complained 
of epigastric pain, severe and colicky, for four days preceding admission. Vomited 
undigested food, but no ascarides, the day of admission, Past history of vomiting ascarides 
several years previously, and repeated similar attacks of epigastric pain for 20 years. 
Acutely ill, doubled-up with pain. No jaundice. Epigastric and right upper quadrant 
tenderness and spasm. Temperature 99.4° F.; W. B. C. 4,700. Stool positive for ascaris 
ova. Preoperative Diagnosis: Chronic cholecystitis, with cholelithiasis. Suspected biliary 
ascariasis. 

Operative Findings: Greatly dilated G. B., measuring 12 x 13 x 7 cm. Wall 
somewhat thickened. No stones palpable. C, D., I cm. in diameter, not thickened. An 
ascaride was seen wriggling within the C. D. It was also palpated. Another was 
palpated in the duodenum. The C. D. was opened and the ascaride previously seen and 
palpated had disappeared. After some investigation it was found high in the hepatic 
ducts and withdrawn. It measured 19 x 0.3 cm. During this period the patient vomited a 
28-cm. ascaride, after which the duodenal ascaride was no longer palpable. Cholecystec- 
tomy and choledochotomy. Death on fourth postoperative day—clinically due to bilateral 
pneumonia. Autopsy permission refused. 


Case 17.—Hosp. No. 55090—1945: The patient was a 40-year-old Szechuanese 
woman, complaining of severe colicky epigastric and right upper quadrant pain radiating 
to the right scapula, for four days. N and V present, but no ascarides vomited. No 
jaundice. Had repeated similar attacks for 20 years, with jaundice. Had ascarides in 
stool within past six months. Acutely ill, doubled up with pain. No jaundice. Direct 
tenderness epigastrium and r. u. q., no rebound tenderness, gallbladder questionably 
palpable, Murphy’s sign positive. Moderate r. u. s. spasm. Temperature 99° F.; W. B. C. 
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Case. Hosp. 
No. No. 
1 15429°42 
2  18593°43 
3 1893844 
4 284044 
5  19178°44 
6 19839°44 
7 20128°44 
& 4095 °44 
9 4600 '45 
10 4696 45 
il 4794°45 
12 21939745 
13 2224045 
14 2232445 


Age 
18 


23 


46 


26 


15 


22 


19 


24 


13 


23 


11 


Sex 


Province 


Szechuan 


Szechuan 


Szechuan 


Szechuan 


Szechuan 


Szechuan 


Szechuan 


Hunan; 
2 yrs. in 
Szechuan 


Hupei; 6 
yrs. in 
Szechuan 


Szechuan 


Szechuan 


Szechuan 


Szechuan 


Szechuan 


Onset 
of 
lIliness 


12 hours 


26 hours 


19 days 


4 hours 


3 days 


4 days 


40 days 


2 days 


20 hours 


10 days 


1 day 


2 mos. 


3 days 


8 hours 


First 
Symptoms 
Severe epigastric 

pain;n&v 


Severe epigastric 
pain;n&v 


Fever and chilly 
sensations 


Severe epigastric 
and r.u.q. colic 


Severe r.u.q. colic 


Fever and head- 
ache 


Epigastric pain; 
vomited ascarides 


Severe epigastric 
and r.u.q. pain 


Chill followed by 
fever 


Nausea and 
vomiting of 
ascaride 


Severe epigastric 
pain 


Acute epigastric 
colic; chills, fever; 
productive cough 


Epigastric and 
r.u.q. colic 


Severe r.u.q. colic 
radiating to rt. 
back 


Other 
Symptoms 
Paroxysmal colic- 
ky pain radiating 

to the r.u.q. 


Paroxysmal colic, 
sweating and 
dizziness 


Severe epigastric 
and r.u.q. pain, 
n&v, 5 days 


Radiation to rt. 
back;n&v 


Vomited 20 asca- 
rides; _ chilliness 
and fever , 
Severe epigastric 
and r.u.q. pain 
20 hours 
Subsidence after 
6 days; recur- 
rence 10 days 
prev. toadm. 
Vomiting; fever 


Severe epigastric 
and l.u.q. pain, 
vomiting, 1 hour 


Epigastric and 
r.u.q. pain, 5 
days 


Vomiting 6 hrs. 


Severe vomiting 
2 mos. Disten- 
sion, edema. Epi- 
gastric mass 


Vomited 20 
ascarides 


Chilliness and 
headache for 5 
days 


History of 
Ascariasis 
Vomited ascaride 

4 yrs. prev. 


Passed. ascarides 
repeatedly 


Not recorded 


Passed ascarides 
several months 
previously 


Vomited asca- 
rides many times 
in past 
Ascarides passed 
in childhood 


Neg. 


Passed ascarides 
in recent years 


Neg. 


Passed and vom- 
ited ascarides 
many times prev. 


Passed and 
vomited ascarides 
many times 
Repeatedly 
passed 

ascarides 


Repeatedly 
vomited 
ascarides 


Passed 
ascarides 
repeatedly 
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Other 
History 


3 similar prey, 
attacks 


1 similar attack 
3 mos. prey, 


Recurrent abd, 
pain since age ¢ 


Neg. 


Many similar 
prev. attacks, 
with jaundice 
One similar prev, 
attack 


Occ. prev. attack 


Neg. 


Neg. 


Many similar 


prev. attacks 


Many similar 


prev. attacks 


Occ. prev. 
attacks 


Occ. prev. 
attacks 


Neg. 





I 
149 of BILIAI 


Other | 
Jauy Si 
{acutely ill 

4 rd. 

gad spasm 





tigightly il 


4 Dehydrat 
ji; moder: 
endernest 


0) Acutely il 
Murphy's 


} ’ 
4F Acutely il 
and spast 


() Acately il 
tendernes 


# Acutely i 
and spast 
egg-sized 


Q! Acutely i 
and = Sp 
Murphy’ 


Q Acitely 
drowsy ; 
luq. and 
tenlerne 


0 Acitely 
and r.U. 
and spas 
dig posi 

Q Acitely 
an¢ ru. 
an( spas 

+ Acttely 
ly i; 3* 
disharg 
gastric s 
amepig 

Q Md. ill 
Tuy. te 
tered; 
belw cx 

0 Ma. il 

ani ten 

cm =m 

Mrphy 


I 
STRACT oF 4 3 BILIARY ASCARIASIS 





“ir Other Physical 

isan Jug Signs 

-_ Prev, dicately ill; epigastric 

: d r.u.d. tenderness 
d spasm 


' 

lar attack tightly ill; epigastric 
prev, pd rug. tenderness 
od spasm; Murphy's 
ign positive 

ent abd, +4 Dehydrated, acutely 
nce age § | y, moderate epigastric 
nderness and spasm 





0} Acutely ill; tenderness 
lind rigidity . r.u.q.; 
| Murphy's sign positive 


imilar 
tacks, 
indice 
ilar prey, 


{; Acutely ill; tenderness 
and spasm f.u.q. 


0) Acutely i); r.u.q. 

tenderness and spasm 
i Acutely ill; tenderness 
hand spasm T.u.q. with 
‘eggsized mass 


V. attack 


ol Acutely ill; tenderness 
and spasm =_‘£.U.q.; 
Murphy's sign positive 


( Actely ill; cyanotic; 
drowsy; epigastric and 
lua. and bilat. C.V.A. 
tenlerness 


Acutely ill; epigastric 
and r.u.q. tenderness 
and spasm; Murphy’s 
sigt positive 
Actely ill; epigastric 
an r.u.g. tenderness 
an spasm 
Acttely and chronical- 
ly i; 3* distended; pus 
disharging from epi- 
gasric sinus; r.u.q. and 
anepig. tenderness 
0 Md. ill; epigastric and 
Tuy. tenderness; dis- 
teled; L & S 4 cm. 
belw costal margin 
0 Md. ill; r.u.q. spasm 
anitenderness; 4- x 5- 
cm mass in r.u.q.; 
Mrphy's sign positive 
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o 
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Preoper. 
Temp., 
Fahr. 


97.4- 
98.6 


98- 
100 


101 


95.6- 
99 


98- 


98.2 


101- 
102 


102 


100.2 


95- 
100 


97.4- 
103 


99 


99- 
102 


99— 
100.2 


98 


Ascaris 
Ova in 
W.B.C. Stools 
10,000 ++ 
12,000- ++ 
21,000 
13,500- ++ 
10,000 
15,000 + 
7,000- +++ 
10,000 
14,700- ++ 
19,000 
23,000 +++ 
14,000— + 
21,000 
15,000 Oo 
13,000 + 
15,000 ++ 
11,000- O 
22,000 
13,000— + 
25,000 
14000- ++ 
16,000 


Preoper. 
Diag. 
Cholelithiasis 


Acute chole- 
cystitis with 
cholelithiasis 


Cholecystitis 


Acute chole- 
cystitis with ? 
biliary ascari- 
asis 
Cholecystitis 


Cholecystitis 
with chole- 
lithiasis 
Cholecystitis 


Biliary 
ascariasis 


Acute pan- 
creatitis? 
biliary 
ascatiasis? 


Biliary 
ascariasis 


Biliary 
ascariasis 


Liver abscess? 
due to ascari- 
asis 


Biliary 
ascariasis 


Acute chole- 
cystitis with 
cholelithiasis 





Operative Findings 
Congested and distended G.B.; 
C.D. tense and firm; 20-cm. asca- 
ride removed, cephalad one third 
above, caudad two thirds below 
incision 
Distended noncompressible G.B.; 
C.D. distended; large ascaride 
doubled up in C.D., head and tail 
toward duodenum 


Acute phlegmonous cholecystitis 
with gen. peritonitis; perichole- 
cystic abscess; C.D. dilated and 
contained one ascaride 

G.B. mod. dilated; C.D. tense and 
catheter - like; ascaride visible 
through C.D. wall; 27-cm. female 
ascaride removed 

Acute cholecystitis; cholangitis; 4 
ascarides in G.B., 2 in C.D. 


G.B. normal; ascaride palpated in 
stomach, duodenum, and C.D., 
removed by manual expression 
G.B. normal; C.D. dilated; 7 asca- 
rides removed from C.D. including 
1 which extended into G.B. 


G.B. acutely inflamed and dis- 
tended; C.D. tense, firm, 8 mm. in 
diam., catheter-like; no bile from 
choledochotomy; 25 x 0.5 cm. 
female asc. removed 

G.B. normal; C.D. tense, firm, 
8 mm. in diam., catheter-like; no 
bile on incision; ascaride visible 
through wall, removed, 20 cm. long 


G.B. sl. distended; C.D. distended 
to 1.5 cm.; ascaride palpable in 
C.D.; 20 cm. long on removal, 
upper two thirds in hepatic duct 
G.B. distended, not inflamed, non- 
compressible; C.D. tense, catheter- 
like; 10-cm. ascaride removed 
Incision into spontaneous sinus 
tract and ruptured liver’ abscess; 
autopsy: multiple liver abscesses, 
ascariasis of hepatic ducts, intra- 
hepatic calculosis 

B.G. slightly congested, compressi- 
ble; C.D. sl. dilated; 2 ascarides 
palpable and removed through 
choledochotomy 

G.B. distended; C.D. dilated to 1.8 
cm.; ascaride felt in G.B. and C.D.; 
on removal 30 cm. long, with 
cepalad one third in G.B. 


Operation 


Cholecystectomy; 
choledochostomy 


Cholecystectomy; 
choledochostomy 


Ditto, + drainage 
cholecystic abscess 


Cholecystectomy; 
choledochotomy 


Cholecystectomy ; 
choledochostomy 

Expl. celiotomy; 
manual expression 


ascaride 
Choledochostomy 


Cholecystectomy ; 
choledochotomy 


Choledochotomy 


Choledochostomy 


Choledochotomy 


Incision and drain- 
age 


Choledochotomy; 
cholecystostomy 


Cholecystectomy; 
choledochostomy 





Course 


Uneventful 
recovery 


Adult asca- 
ride crawled 
‘ut along T- 
tube 10th p.o. 
day; recovery 
Friedlander 

bacillus septi- 
cemia; death 


Ext. biliary 
fistula 4 mos.; 
recovery 


Miid p.o. atel- 
ectasis; 
recovery 
Mild p.o. 
atelectasis; 
recovery 
Uneventful 
recovery 


Transient p.o. 
jaundice; re- 
covery 


Intestinal ob- 
struction 14th 
day due p.o. 
adhesions; 
lysis, rec’y 
Mild p.o. 
atelectasis; 
recovery 


Uneventful 
recovery 


Death 


Uneventful 


recovery 


Uneventful 
recovery 
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9,000. Stool 1+ for ascaris ova. Preoperative Diagnosis: Cholelithiasis, with chronic 
cholecystitis and hydrops of gallbladder. Suspected biliary ascariasis. Operative Findings: 
G. B. greatly dilated 15 x 9 cm., not acutely inflamed. C. D. dilated, 2 cm., not thickened. 
Ascaride palpable in upper C. D., on choledochotomy, found doubled up with both ends 
extending into hepatic ducts, central portion just above choledochotomy incision. On 
removal measured 26 x 0.5 cm. Also some cystic and C. D. sand. Operation: Cholecys- 
tectomy and choledochostomy. Uneventful recovery. 


Case 18.—Hosp. No. 23167—1945: The patient was a 14-year-old Szechuanese boy, 
complaining of severe colicky epigastric and right upper quadrant pain of eight hours 
duration. N and V present, patient vomited three times, but no ascarides were noted. 
No jaundice. Had repeated similar previous attacks for two years. No ascarides had 
been passed previously. Moderately ill. Direct tenderness in epigastrium and r. u. q., 
with positive Murphy’s sign. Temperature 100° F.; W. B. C. 10,450. Stool 2+ for 
ascaris ova. Preoperative Diagnosis: Bilizry ascariasis. Operative Findings: G. B. 
normal. C. D. I cm. in diameter, and containing an adult ascaride, about 20 cm. in 
length. Operation: Choledochostomy. Uneventful recovery. 


Case 19.—Hosp. No. 5600—1945: A 26-year-old Szechuanese male entered com- 
plaining of severe epigastric pain, cramp-like and colicky, of 16 hours duration. Vomited 
eight times, but no ascarides noted. No jaundice. Similar attacks in childhood. As- 
cariasis in childhood. Moderately ill, occasionally doubling-up with severe pain. Right 
epigastrium tender. Liver edge descends 1.5 cm. on inspiration, and is tender. No 
rebound tenderness or spasm. Temperature 98.6°-100° F. Stool negative for ova. 
W. B. C. 10,700. Preoperative Diagnosis: Suspected biliary ascariasis. Observed and rehy- 
drated for 18 hours, during which time there was no improvement in symptoms. Preopera- 
tive Diagnosis: Biliary ascariasis. Operative Findings: G. B. moderately dilated to 10 x 6 
cm. G. B. wall somewhat thickened. C. D. normal in appearance, about I.0 cm. in 


diameter; but an ascaride was palpable and faintly visible therein. On removing the 
ascaride, the head was found projecting into the hepatic ducts, the tail down toward the 
sphincter of Oddi. The ascaride measured 20.5 x 0.3 cm. Operation: Choledochotomy, 
cholecystectomy. Uneventful convalescence. 
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SYMPATHECTOMY FOR ISCHEMIA FOLLOWING 
FEMORAL ARTERY LIGATION 


Masor Ricuarp R. Crutcuer, M.C., A.U.S. 


In view of the current interest and lack of agreement in the value of 
sympathectomy following ligation of the femoral artery, the following five 
cases are reported. The cases are similar in that all had the superficial 
femoral artery and vein ligated between the profunda femoris branch and 
Hunter’s canal. The first case was observed for three months then sent to 
limited duty without sympathectomy. In three cases sympathectomy was 
performed after a two months observation period. The fifth case had a 
sympathectomy immediately following the ligation of the vessels. 

Dr. I. A. Bigger, in a recent article,’ points out the frequency of permanent 
reduction of blood supply to tissues, especially the muscles, following inter- 
ruption of large arteries. He reports seven out of eight cases with inter- 
ruption of the main artery of the lower extremity (iliac to popliteal) had 
definite symptoms of chronic circulatory deficiency distal to the obstruction 
on examination after a period of nine months to eight years. One case which 
did not have these symptoms had had an injection of the lumbar sympathetic 
ganglia with alcohol. 


CASE REPORTS 


Case 1.—A 24-year-old Ordnance Sergeant was wounded in action, March 16, 
1944, at 0700 hours, at Anzio Beachhead in Italy, sustaining a penetrating wound of 
the left thigh from enemy shell fragments. The fragment divided the femoral artery and 
vein at the proximal end of Hunter’s canal. He received 1 cc. of tetanus-toxoid and 
sedation at the Battalion Aid Station and was then sent to an Evacuation Hospital. At 
1000 hours, March 16, 1944, three hours after injury, the wound was débrided and the 
femoral artery and vein ligated at the site of injury. A lumbar paravertebral sym- 
pathetic injection with novocaine was done on the 16th and 17th of March. Forty 
thousand units of gas gangrene antitoxin was given intramuscularly. A _ plaster hip 
spica encasement was applied for the immobilization of the soft-tissue wounds and the 
patient evacuated to a General Hospital March 23, 1944. 

On March 24, the toes were fairly warm but no pulsations could be felt in the foot; 
the color was good, however, and there was no swelling. There were two large wounds, 
anterior medial and the lateral surface of the thigh with some induration of the exposed 
muscle, On March 24, 1944, a transfusion of 500 cc. of blood was given and the 
following day the plasma protein was 8.3 Gm.; hemoglobin 15 Gm., and hematocrit 44 
per cent. 

On March 27, 11 days after the débridement, the wounds were closed with end-on- 
mattress silk sutures after trimming the skin edges. 

Progress Notes—April 5: “Sutures removed, the wounds are healing cleanly.” 

April 11: “Posterior tibial pulse cannot be felt. The dorsalis pedis is present but 
weak. The toes are normal color, there is no swelling, the left foot is slightly cooler 
than the right.” 

April 24: “There is a small area on the left heel which has purplish discoloration 
and a vesicle has formed, probably the result of pressure from the splint. He has been 
walking fairly well.” 
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May 11: “The area on the left heel has almost covered over with epithelium now. 
The posterior tibial and dorsalis pedis pulses are present but weak. The left foot is 
cooler than the right on cool days and the color of the foot is normal.” 

June 1: “It is now three months since the injury and ligation of the vessels. The 
vessels of the involved foot can be felt but pulsate weakly. On cool days the pulsation 
cannot be felt and there is a difference in the temperature of the two feet, The color 
is normal and there is no swelling. He does not have excessive sweating of the feet. 
The calf cramps after walking 800 to 1,200 yards at a moderate rate of speed.” 

Disposition: Sent to limited duty in the Mediterranean Theater. 

Case 2.—A 23-year-old Infantry Private was accidentally shot by another soldier, 
at 2030 hours, May 15, 1944, at Anzio Beachhead in Italy. He was given 1 cc. of 
tetanus toxoid and 250 cc. of plasma at the Battalion Aid Station, then was taken to a 
Field Hospital. At o100 hours, May 16, 1944, 4.5 hours after injury, the wound was 
débrided and the left femoral artery and vein ligated in the midthigh, distal to the 
profunda femoris branch. Lumbar sympathetic novocaine injections were done daily for 
three days. Sulfadiazine, 1 Gm. every four hours was given orally following the operative 
procedure. On May. 23, the wounds were sutured under local novocaine anesthesia. He 
was evacuated to a General Hospital, May 26, where examination showed the wounds 
to be healing cleanly. The left foot was cooler than the right and both feet were 
sweaty. The pulsations could not be felt in the left foot vessels, There was no swelling 
of the foot and the color was good. The plasma protein was 6.6 Gm., hemoglobin 11.8 
Gm.; hematocrit 34.5 per cent. 

Progress Notes—May 29: “Transfusion 1,000 cc. of whole blood.” 

June 20: “Cold day, both feet cold and moist, pulses in the left foot are not pal- 
pable, color slightly cyanotic.” 

July 8: “The posterior tibial pulse can now be felt. The dorsalis pedis is very 
weak. The feet are about the same temperature, both sweaty and cold. He can walk 
about 400 yards slowly without pain but gets cramp in the calf on climbing two flights 
of stairs at moderate speed.” 

July 31: “(Cool day) The left foot is cooler than the right, both are sweaty and 
he can walk only 200 to 300 yards at moderate speed before getting pain in the left 
calf (two and one-half months after injury.)” 

August 10: “Left lumbar sympathectomy performed under spinal anesthesia, through 
an anterior muscle-splitting extraperitoneal approach, The second and third lumbar 
ganglia and connecting sympathetic trunk were excised.” 

August 26: “The abdominal wound healed cleanly. He can walk ten times the 
distance he could prior to sympathectomy at the same rate of speed without cramping 
in the calf (16 days after operation) .” 

September 20: “He walked one and one-fourth miles today at a brisk pace without 
pain (one month and ten days postoperative).” 

“The foot and leg are warm and dry, there is no swelling, and the left foot is 
warmer now than the right. The posterior tibial pulse is fairly strong.” 

Disposition.—Limited duty in the Mediterranean Theater four months after injury 
and one month and ten days after sympathectomy. 

Case 3—A 26-year-old Infantry Private sustained multiple penetrating wounds 
by enemy shell fragments, at o800 hours, June 1, 1944, near Rome, Italy. He received 
250 cc. of plasma and 1 cc. of tetanus toxoid at the Battalion Aid Station, and was then 
sent to a Field Hospital where, at 1320 hours, June 1 (five and one-half hours after 
injury) the wounds were débrided. There was extensive muscle destruction of both 
anterior thighs, especially the left, and the left femoral artery and vein had been severed 
distal to the profunda femoris branch. The vessels were ligated and plaster splints 
applied to both lower extremities for soft-tissue immobilization. He was evacuated to 
a General Hospital, June 6, 1944, where examination showed extensive wounds of both 
anterior thighs with some necrotic tissue in the wounds. The pulses of the left foot 
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could not be felt, the color was pale, there was no swelling and the left foot was slightly 
cooler than the right. 

Progress Notes—June 7: “Plasma protein 6.6 Gm.; hemoglobin 9.2 Gm.; 
hematocrit 27 per cent. 

June 8: “Transfusion 1,000 cc. of whole blood.” 

June 9: “Transfusion 1,000 cc. of whole blood. Wounds closed after excising the 
necrotic tissue from the thigh wounds and mobilizing skin flaps by undercutting. Drain 
left in right thigh wound. Penicillin 25,000 cc. every three hours, given from June 8 
until June 13.” 

June 11: “Plasma protein 7.3 Gm.; hemoglobin 13.7 Gm.; hematocrit 40.5 per cent.” 

June 20: “Sutures removed, moderate purulent reaction about sutures and small 
deep pocket of pus at upper angle of left thigh wound. Hot dressings applied.” 

June 27: “Wounds healing satisfactorily,” 

July 12: “Patient walking about and getting physiotherapy. He has marked weak- 
ness of muscles of both thighs but the left is more marked than the right.” 

August 1: “(Two months after ligation of artery.) The left foot is cooler than 
the right and the left foot pulses are weak. He has cramping pain in the left calf after 
walking up two flights of stairs at a moderate speed.” 

August 10: “(Two and one-half months after injury.) Left lumbar sympathectomy 
performed through an anterior muscle-splitting abdominal incision using the extra- 
peritoneal approach. The second and third lumbar ganglia and connecting trunk were 
excised. (Spinal anesthesia.) Some enlarged lymph nodes were encountered in reflect- 
ing the peritoneum over the sympathetic chain.” 

August 13: “Temperature elevated to 102-103° F. Pain and tenderness deep in 
left flank. The wound was explored under pentothal anesthesia. Moderately large col- 
lection of thin, bloody purulent exudate in retroperitoneal space evacuated. Two drains 
(cigarette) inserted. Culture of fluid showed beta hemolytic Streptococci. Penicillin 
25,000 units every three hours and sulfadiazine 3 Gm. followed by 1 Gm, every four 
hours started.” 

August 17: “Temperature and pulse have gradually declined. The left foot has 
been dry and warmer than the right since the sympathectomy, color of foot is normal. 
Posterior tibial pulse fairly good volume, no swelling.” 

September 3: “Temperature elevated again, and some pain in the left flank. 
Digital exploration, under pentothal anesthesia, revealed small pocket beneath fascia 
with inadequate drainage.” 

September 16: “Patient afebrile, wound healing, drain removed.” 

October 7: “Sympathectomy wound almost healed now, the patient is taking daily 
walks with gradual improvement. He has considerable general weakness from sepsis 
and long hospitalization, plus local weakness of the thigh muscles from muscle destruc- 
tion by the fragments.” 

October 11: “The posterior tibial and dorsalis pedis pulses are palpable and strong 
on left. The left foot is dry and warmer than the right. There is no swelling and the 
color is normal. He can walk 1,200 yards at a moderate speed. General weakness and 
local weakness in thigh prevent further walking now. No pain experienced in the left 
foot after walking this distance, also no pain after walking up stairs.” 

Disposition Evacuation to Zone of Interior (four and one-half months after injury, 
two months after sympathectomy). 

Case 4—A 28-year-old Infantry Sergeant was wounded in action by enemy bullet, 
at 2400 hours, August 19, 1944, in Southern France, sustaining penetrating wounds in 
the hip, left thigh, and right heel with laceration of the right femoral artery and vein. 
He received I cc. of tetanus toxoid and 750 cc. of plasma at the Battalion Aid Station 
at 0120 hours. The patient was then sent to a Field Hospital where the wounds were 
débrided and the femoral vessels divided and ligated at the site of injury below the 
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profunda femoris branch. The exact time was not stated, but was probably within a 
few hours after the injury, on August 20, 1944. 

Lumbar sympathetic injections of novocaine were done daily for three days. Peni- 
cillin 15,000 cc. every three hours was given intramuscularly. He was evacuated to a 
General Hospital in Italy, on August 25, at which time he was quite pale; plasma protein 
was 6.7 Gm.; hemoglobin 8.2 Gm., and hematocrit 24.1 per cent. The pulses could not 
be felt in the right foot, the foot was pale and slightly cyanotic and cooler than the 
left foot. There was no swelling. 

Progress Notes.—August 25: “Transfusion 1,000 cc. of whole blood.” 

August 26: “Transfusion started, after receiving about 100 cc. he had a severe 
reaction, with back pain, numbness, and tingling of extremities, dyspnea, cyanosis, but 
symptoms were relieved by adrenalin. Cross-match rechecked and found compatible. 
Reason for the reaction not determined.” 

August 27: “Wounds closed (seventh day after débridement). Transfusion 1,000 cc. 
of whole blood during operation.” 

September 3: “Sutures removed, wounds healing cleanly.” 

October 2: “(Two months after injury) patient has cramping pain in right calf 
after walking 500 to 600 yards at moderate speed. The pulses remain weak, and the 
foot becomes quite cold and pale on cold days.” 

October 28: “Right lumbar sympathectomy. Spinal anesthesia, extraperitoneal, 
muscle-splitting, anterior abdominal incision. The second and third ganglia and connect- 
ing trunk were excised.” 

November 6: “The right foot has been dry and warmer than the left since sym- 
pathectomy, Pulses in foot fairly good volume. Suture removed. Wound healing 
clearly.” 

November 13: “Taking daily walks. No cramping in calf.” 

November 25: “(Three months after injury, one month after sympathectomy.) 
Patient can now walk two miles at a moderate speed without pain in the calf. The 
right foot remains dry and warmer than the left. There is no swelling. The color is 
good and the pulses of good volume.” 

Disposition —Limited duty in Mediterranean Theater. 

Case 5.—A Sergeant in a Tank Battalion was wounded by accidental explosion of a 
rifle grenade on a practice range in Northern Italy, at 1530 hours, February 14, 1045, 
sustaining a penetrating wound of the left anterior thigh. There was considerable 
bleeding from the wound, necessitating the application of a tourniquet. Treatment during 
evacuation consisted of the application of a dressing and the injection of one-quarter 
grain of morphine. He was given I cc. of tetanus toxoid and penicillin started. The 
left foot was cold and pulseless. 

Operation—February 14, 1945, 2000 hours: Under gas-oxygen-ether anesthesia, 
the wound was débrided, the femoral artery was found divided about three centimeters 
below the profunda femoris branch. The vessel was ligated and the concomitant vein 
divided and ligated at the same level. The metallic fragment was removed. The wound 
was left open. A dry fine-mesh gauze dressing was applied. 

At the end of the above procedure the left foot was cold, pulseless and a cyanotic- 
purplish color. The general condition of the patient was good. A left lumbar sympathec- 
tomy was then done through an anterior muscle-splitting extraperitoneal approach. 
Lumbar ganglia II and III with connecting trunk were removed. The wound was closed 
in layers with fine cotton. Following the sympathectomy the left foot was almost as 
warm as the right. The veins were full and showed good venous flow. The color was 
slightly cyanotic but gradually became normal within a few hours. A 1,000 cc. blood 
transfusion was given during the operation. 

Progress Notes.—February 15: “The left foot is hot and dry, veins full good color. 
Feet about equal warmth. No pulse is felt in the left foot. Plasma protein 6.2 Gm.; 
hemoglobin 11.2 Gm.; hematocrit 38 per cent.” 
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February 16: “Transfusion 500 cc. of blood given. Patient has moderate tender- 
ness and some pain on motion in left medial calf muscles.” 

February 20: “Patient is afebrile for two days now. Wound of left anterior thigh 
closed with end-on-mattress silk sutures, under pentothal anesthesia.” 

February 24: “Penicillin discontinued. He has been afebrile since February 21.” 

February 28: “Abdominal and thigh wounds are healing cleanly. All sutures have 
been removed.” 

March 14: “Plasma protein 6.5 Gm.; hemoglobin 15 Gm.; hematocrit 44 per cent.” 

“It is now one month following injury and operation. He has been taking daily 
walks and thigh exercises, Today he walked two and one-half miles on a one-quarter 
mile measured track at a moderate gait without experiencing cramping in the leg. He 
does have cramp in the calf after walking one-quarter mile at a very fast pace. The 
foot remains dry and warm. The posterior tibial pulse can be felt on the left. The 


dorsalis pedis is not palpable.” 
Disposition.—Evacuated to a General Hospital, and from there was sent to duty in 
the Mediterranean Theater. 


Discussion.—The inaccessibility of a medical library prevents review of 
the literature on this subject. White and Smithwick? make the following 
statement about sympathectomy upon patients with arteriosclerosis and 
thrombo-angiitis obliterans who have associated vasospasm: “Besides im- 
provement in the circulation to the skin and subcutaneous tissue, muscular 
circulation may also occasionally benefit, as judged by improvement in or 
disappearance of intermittent claudication.” 

The common stimuli which cause vasoconstriction are cold, pain, fear, 
anger, asphyxia, hemorrhage and dehydration. In any but the warmest 
climate, and under the most ideal circumstances, one is apt to experience 
many of these stimuli during peacetime as well as in a War Theater. In 
three cases the effect of cold stimulus could be seen repeatedly before sym- 
pathectomy. 

The number of cases presented is too small to attempt to draw any broad 
conclusions from them. The results do, however, indicate that the recovery 
can be hastened and is probably more complete, with less disability resulting 
in those cases having sympathectomy performed following the division of 
the femoral artery. 


SUMMARY 


Five cases are presented, all of which had ligation of the femoral artery 
and vein between the profunda femoris branch and Hunter’s canal. All cases 
were between the ages of 20 and 30 years. All cases had intermittent claudi- 
cation in the calf of the involved extremity after walking a short distance 
at a moderate speed. The greatest distance any patient could walk at this 
speed was 800 to 1,200 yards prior to sympathectomy. The average distance 
of the four observed two months or more following ligation of the vessels 
was 500 to 600 yards. One case having sympathectomy immediately after 
ligation of the vessels walked two and one-half miles, over a measured course 
at a moderate rate of speed, one month following the operative procedures. 
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All cases having sympathectomy showed a decided improvement in the blood 
supply of the involved extremity. 
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1 Bigger, I. A.: Treatment of Traumatic Aneurysms and Arteriovenous Fistulas. 


of Surg., 49, 170-178, September, 1944. 
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Arch. 


Second 


310 








Surgery 
y, 1946 


dlood 


Arch, 


‘cond 








BRIEF COMMUNICATIONS 


FIBROSARCOMA PROTUBERANS 
ARISING ON AN OLD BURN SCAR 
Meyer L. Nrepetman, M.D. 

PHILADELPHIA, Pa. 


FROM THE DEPARTMENT OF DERMATOLOGY AND SYPHILOLOGY, TEMPLE UNIVERSITY, 
SCHOOL OF MEDICINE, CARROLL S. WRIGHT, M.D., CHIEF 


THE FOLLOWING CASE is reported because fibrosarcoma protuberans is 
not a common condition arising on an old burn scar. This condition is called 
dermatofibrosarcoma, of Darier, or dermatofibrosarcoma protuberans, by 
Hoffman. It is interesting to note that the original lesion was a dermato- 


_ fibroma which eventuated into fibrosarcoma. 


Case Report.—W. H., a painter, age 48, married, white, was referred by me to 
University Hospital, November 16, 1944, complaining of generalized weakness, loss 
of weight, and a mass on the left chest wall. 

Present History: About two years previous, patient noticed a smooth marble-sized 
mass in the left lower chest about three inches below the nipple. At first this was 
tender on palpation, and was covered with normal skin. This was treated by his local 
physician with ointments. The tumor gradually grew and finally ulcerated. During 
the last four months the mass has grown rather rapidly, and has become purulent. 

Past History: Negative except in the last year patient has developed a rather 
persistent cough with loss of weight. When the patient was six years of age, his 
clothes became ignited and he was severely burned over the lower part of the face, 
neck, left chest and left arm. He was hospitalized for six months, and thereafter was 
confined in and out of bed for six years because the area did not heal. At age 13 he 
was operated upon for adhesions between his left chest wall and arm. This apparently 
was not successful. For the past seven months, the patient has been unable to work 
as a painter because of generalized weakness and injury to the mass while working. 

Physical Examination: The patient was a thin, small man, appearing much older 
than his age, with marked scarring of the face, chest, and left arm. There is a large 
band of adhesions between his left chest wall and arm extending from the axilla midway 
down his arm. Over the left lower chest wall there is a large, cauliflower, fungating, 
purulent, ulcerative mass, about four inches in diameter, protruding about three inches 
(Fig. 1). The mass is rather hard and bleeds very readily upon the slightest disturb- 
ance. There are no subjective symptoms. The mass has a foul odor, and is firmly 
adherent. His temperature ranged between 100°-102° F. 

Roentgenologic Examination: No evidence of any pulmonary or rib disease. 
Biopsy Report: The nodule is composed of a mass of neoplastic tissue which consists 
of spindle-shaped cells with a large, very pleomorphic nuclei which are pale-staining and 
vesicular, with prominent nuclei. Many giant and bizarrely lobulated nuclei are seen 
as well as multinucleated giant cells. Mitoses are infrequently seen. Histologic Diag- 
nosis: Fibrosarcoma (Fig. 2). 
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Laboratory Studies—Sternal Puncture: 
and show the following distributions: 


Cellular Distribution 


Myeloblasts 
Premyelocytes ...... 
Myelocytes 
Metamyelocytes 
Mature neutrophiles 
Eosinophils ... 
Basophils 
Lymphocytes 
Erythroblasts 
Normoblasts 


Fic. 
scarred tissue of the left chest wall. 
and chest wall. 
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The marrow preparations are very cellular 


Percentage 


0.6 


I (myelogenic-erythrogenic ) 





1.—Showing the large protruding vascular tumor arising from 


Note the adhesions between inner arm 
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This represents a very marked myeloid hyperplasia. Numerous counts revealed 
a picture similar to one below: 


Blood Count 
Hb. 11 Gm. per 100 cc. equals 71.5% 


Erythrocytes .......:..... 3,730,000 
ee er ee 49,500 

EEE re eee ae sbi 03% Actual Count 
I ane een 4% 46,035 Filament ...... 45 
RUATIOCVTES: 6. cise oicos en dies 2% 1,980 Nonfilament .... 48 
ee eae 1% 990 

Color index ..... a .93 495 


The blood and bone marrow picture are consistent with a leukemoid reaction, such 


as one may see in malignancy. 
Serum protein, 6.4. Blood serology, negative. Urinalysis, negative. 
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Fic. 2.—Section showing spindle-shaped cells with very large 
pleomorphic nuclei. Many giant and bizarrely lobulated nuclei are 
seen as well as multinucleated giant cells. 


Surgical Opinion: The surgeon was of the opinion that he had nothing 
to offer this patient in the form of radiation therapy, either by roentgen ray, 
radium or radon. The diagnosis of fibrosarcoma contraindicated radiation 
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therapy, as the spindle type of cell is usually very resistant to irradiation. 
This, coupled with the fact that the patient had an extensive burn scar, and 
that this tumor had arisen in this type of tissue, contraindicates roentgeno- 
therapy. The extensive ulceration and infection involving the tumor has 
left no normal tissue, and any treatment given to this area would only help 
to further necrosis and sloughing. Surgery, likewise, has little to offer, 
inasmuch as it would necessitate wide surgical resection, possibly even 
removal of some ribs followed by extensive plastic procedures, from which 
the patient may never recover. 

Senear, Andrew and Willis reported two cases with no metastasis and 
Geschickter? stated that these tumors are not radiosensitive. 


COMMENT AND CONCLUSIONS 


Although dermatofibrosarcoma is not a common condition, it is unusual 
in that it developed on an old burn scar. In most of the cases reported,? no 
metastasis has occurred, and the condition was cured after complete surgical 
removal. The microscopic picture is that of a spindle celi sarcoma inter- 
mingled among fibrous connective tissue. This condition is usually asympto- 
matic, and the general health is very little affected. 


REFERENCES 
1 Senear, F. E., Andrews, S. E., and Willis, D. A.: Dermatofibrosarcoma Protuberans. 


Arch. Dermat. & Syph., 17, 821, 1928. 
Geschickter, F., and Lewis, D.: Tumors of Connective Tissue. Am. J. Cancer, 25, 


630, 1935. 
3 Hertzler, A. E.: Fibrosarcomatous Tumors of the Skin of the Trunk. ANNALS oF 


Surcery, 84, 480, 1926. 
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INTESTINAL OBSTRUCTION DUE TO 
PERSISTENCE OF THE OMPHALOMESENTERIC ARTERY 


A. V. Postotorr, M.D. 


Cuarteston, S. C. 

FROM THE DEPARTMENT OF PATHOLOGY AND BACTERIOLOGY, UNIVERSITY OF TORONTO, TORONTO, CANADA. 

THE PERSISTENCE of the omphalomesenteric vessels in man is a rare 
congenital anomaly similar in nature to the persistence of a Meckel’s diver- 
ticulum. Indeed, the two may be associated. There is no doubt that Meckel’s 
diverticula are seen much more frequently than are vascular remains, as 
shown by the multitudinous reports of cases in the literature on the former. 
In spite of their rarity in man, Allen’ has shown that such vessels are very 
frequently found in new-born cats, dogs and guinea-pigs. The embryology 
and usual fate of these fetal structures should be reviewed before their 
nature can be analyzed. 


EMBRYOLOGY * *: *:° 


Meckel’s Diverticuluim.—The yolk sac, an extracoeiomic structure formed 
to nourish the developing embryo, is connected to the digestive tract of the 
fetus by an elongated, narrow stalk which is variously termed the yolk stalk, 
vitelline duct or omphalomesenteric duct. The latter is incorporated in the 
umbilical cord and is accompanied by the omphalomesenteric artery and vein 
which lead to and from the yolk sac. The yolk sac normally loses its con- 
nection with the intestine in the embryo of 7 mm. (six weeks), and the 
omphalomesenteric duct soon degenerates. The time that this occurs is 
variable and the sac may be present even in an embryo of 12.5 mm. Asa 
rule, the vessels persist for a slightly longer period after the duct has 
disappeared. 

Anomalous persistence of the duct is referred to as a Meckel’s diverticu- 
lum. A diverticulum of this type usually takes one of several forms. It 
may establish a fistulous tract from the terminal ileum to the umbilicus or 
it may persist as a blind sacculation from the intestine. The out-pouching 
is usually free at its distal end, but it may be anchored by a fibrous cord or 
by vessels to the umbilicus. 

Omphalomesenteric Artery.—The aorta in the embryo sends, primitively, 
the paired omphalomesenteric arteries to the yolk sac. These pass through 
the mesentery of the intestine, one on each side of the intestine, to the yolk sac. 
The paired arteries fuse in those portions that course through the mesentery 
and coelomic cavity. The mesenteric segment of the vessel is destined to 
become the future superior mesenteric artery. Usually, the left limb of that 
part encircling the bowel disappears and a single omphalomesenteric artery 
which passes entirely on the right side of the intestine remains (Fig. 1). 
Normally at about the sixth week of intra-uterine life that portion of artery 
between intestine and umbilicus disappears. 
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Persistence of the omphalomesenteric artery in man is seen only occa- 
sionally. When present it may coexist with a Meckel’s diverticulum or may 
be found either alone as a free cord (being attached only at one end) or 
uniting the mesentery of the terminal ileum to the anterior abdominal wall, 
usually in the vicinity of the navel. Whether the right or left limb of the 
early arterial ring has persisted, will determine on which side of the intestine 
the vessel will course. If the left limb remains, the artery will course to 


the left side of the intestine. 
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Fic. 1.—Embryologic structures in the region of the umbilicus. 


Omphalomesenteric V ein.—-The omphalomesenteric veins are paired, arise 
from the yolk sac, and empty into the right and left horns of the sinus 
venosus of the primitive heart. The veins in their course into the sinus 
venosus are interrupted by growth of the liver bud, and very soon 
the left vein is broken up to form liver sinusoids. These still drain 
into the left horn of the sinus venosus. At this time the left umbilical vein 
anastomoses with the liver sinusoids, and the right umbilical vein atrophies. 
Three anastomotic channels are next formed between the omphalomesenteric 
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veins before their entrance into the liver. These are in the region of the 
intestine which is destined to become duodenum and which they encircle. 
Certain of these anastomotic channels along with the right omphalomesenteric 
vein atrophy and disappear and a common S-shaped omphalomesenteric trunk 
reaches the liver. The trunk receives the superior mesenteric vein at the 
level of the middle anastomotic channel, and from this point to the liver the 
trunk later forms the portal vein (Fig. 1). Normally the portion of the 
vein from the umbilicus to the duodenum (in the region of the head of the 
pancreas) vanishes at about the sixth week of embryonic life. When this 
vessel persists, it is usually present in a similar fashion as is the omphalo- 
mesenteric artery. It may be present either alone, as a band, or in conjunction 
with a Meckel’s diverticulum. 


Case Report.—The patient, a 38-year-old male, was admitted to Dr. W. E. Gallie’s 
service, with acute small bowel obstruction. Four days before admission there was a 
sudden onset of crampy abdominal pain which was followed within an hour by vomiting. 
The pain became progressively more severe. Emesis continued with increasing fre- 
quency, and later the vomitus became fecal. There were no bowel movements during 
this period. 

A similar attack of abdominal pain had occurred two weeks prior to admission 
and at various intervals during the last two years. 

Physical examination revealed marked abdominal distention. No localized abdominal 
tenderness was elicited and no masses were palpable. A slight amount of free fluid 
was present in both flanks. Surgery was contemplated after a course of preoperative 
preparation (Miller-Abbott tube and intravenous fluids), but the patient began to have 
respiratory distress due to atelectasis of the right lung. He died 12 hours after 
admission. 

Necropsy—A firm, round, tapering cord covered by peritoneum, extended from 
the umbilicus to the mesentery of the small bowel. The cord was 6 cm. in length, 
passed to the right of the bowel, and was inserted in the mesentery 3 cm. away from 
the attached border of the ileum and 20 cm. proximal to the ileocecal junction. No 
gross vascular communications at either end of the cord were found. The umbilical end 
of the cord was of greater thickness, measuring 8 mm. in diameter, whereas, the mesen- 
teric end measured 4 mm. The small bowel had looped itself about the cord and was 
enormously distended and discolored but still viable. Two hundred cubic centimeters 
of fluid were found in the flanks and pelvis. No other developmental abdominal defect 
was present. 

The bronchi contained mucous plugs, and atelectasis of both lungs (more marked 
on the right) was found. The remaining viscera showed no abnormalities. 

Histologic Examination: Cross-sections of the band through the umbilical and 
mesenteric ends and through the midportion were examined. The center in all sections 
was occupied by a thick-walled muscular artery having an internal and an external 
elastic lamina (Fig. 2). Red blood cells were present in the lumen. The artery was 
immediately surrounded by a fibromuscular zone of connective tissue which was rich 
in coarse elastic fibrils and which contained several nerve fibers. The remainder of 
the band was made up of fat and loose areolar connective tissue. This was most pro- 
nounced through the umbilical portion and accounted for the greater thickness of the 
cord in that area. The outer surface of the cord was covered by peritoneum. 

No vestigial intestinal or venous remnants were found in the sections. 


Discussion.—Meckel® contributed much to the present subject. He 
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established the fact that the vascular remnants are due to embryologic mal- 
development rather than to a postinflammatory reaction. Fitz,’ in a com- 
prehensive paper on “persistent omphalomesenteric remains” in which he 
reviewed the embryology of the umbilical region, furnished strong confirma- 
tion of Meckel’s views. 

Of the vascular remnants the artery persists more frequently, since only 
two cases of a persistent omphalomesenteric vein have been encountered in 
the literature. One of the cases in which the vein was patent and connected 
the navel with the superior mesenteric vein was reported by Spangenberg.® 





Fic. 2.—Cross-section of the umbilical band. (Weigert’s elastic tissue stain, x 75) 


The other was presented by Buchanan and Wapshaw.? The course ol 
the band in the latter case coincided with that taken by the omphalomesenteric 
vein, 1.¢., originating at the umbilicus, proceeding upward on the surface of 
the mesentery of the small bowel, and ending retroperitoneally in the region 
of the third part of the duodenum. Histologically, the band contained three 
thick-walled veins in addition to fat and areolar connective tissue. 

The relationship of a persistent omphalomesenteric artery to the abdominal 
viscera varies widely but usually falls into one of three groups as listed below: 

1. The most common persistence is in the form of a band or cord extend- 
ing from the anterior abdominal wall in the region of the umbilicus to the 
mesentery of the small bowel a short distance proximal to the ileocecal valve. 
This was true in our case, and was also shown in the case reported by 
Mahomed,!® in which the vessel took origin from the anterior abdominal 
wall midway between the umbilicus and pubis, was inserted into the mesentery 
of the ileum about three feet from the ileocecal valve, and terminated in a 
large branch of the ileocolic artery. 

2. It may be found as a band in association with a Meckel’s diverticulum. 
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A good example of this can be seen in a case reported by King," in 1843, 
in which a Meckel’s diverticulum was adherent to the umbilicus, forming a 
fecal fistula, and in which an “adventitious cord” was found passing from 
the mesentery to the midpoint of the diverticulum. The band had compressed 
the ileum just distal to the intestinal attachment of the diverticulum. This 
cord was presumed to be a persistent artery. Another variant of this 
anomalous coexistence is offered in the case report of Derbes and Hoge.!” 
In their case, the omphalomesenteric artery accompanied the diverticulum 
which was attached to the navel by a fibromuscular structure. The latter was 
thought to be the obliterated portion of the diverticulum. The arterial rem- 
nant communicated at the navel with the inferior epigastric and with the 
obliterated hypogastric arteries and at the mesenteric end with an ileal 
branch of the superior mesenteric artery. 

3. The least common form of persistence is that of a cord attached only 
at one end. The attachment may be either at the umbilicus or on the 
mesentery. The free end is usually rounded and is seen floating in the 
abdominal cavity. Ruge!® and Gautier! have observed such findings. 

Persistence of the omphalomesenteric artery is a constant menace because 
of the complications that it may produce. At times, however, it is found 
incidentally, apparently causing no symptoms. Tuberculosis was the cause 
of death in the case of a dissecting room cadaver, reported by Derbes and 
Hoge.” The hospital record contained no history referable to the abdomen 
or gastro-intestinal tract. An apparently symptomless persistent omphalo- 
mesenteric artery was found by Gisel’® in a new-born child dying of an 
intracranial hemorrhage. 

Mild symptoms are sometimes produced, as illustrated in a report by 
Shaw’® who had performed an hysterectomy for vaginal bleeding and inci- 
dentally found a band, which proved to be an anomalous artery, stretching 
from the mesentery of the ileum to the anterior abdominal wall in the region 
of the right inguinal ring. This had transfixed the omentum in the right 
lower quadrant and apparently had caused a chronic aching pain in the right 
iliac region. 

The commonest complication of a persistent omphalomesenteric artery is 
intestinal obstruction. This may be due either to looping of the bowel about 
the cord, as was the event in the present case, or to herniation of the bowel 
through a loop, as in one of the cases cited by Fitz,’ from the Warren 
Museum. The obstruction may be due to kinking alone, as was illustrated 
by King.14 

Intra-abdominal hemorrhage from a persistent vessel is indeed a rare 
complication. Fraser and McCartney" reported a case in which this finding 
was present 48 hours following cauterization of the umbilicus for “granulation 
tissue.” The vessel had ruptured at the mesenteric attachment causing the 
formation of an hematoma which, in turn, had ruptured into the peritoneal 
cavity. 

The case under consideration is of interest for several reasons. On 
account of the history of several attacks of abdominal pain, one must assume 
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that looping of the intestine about the vessel had occurred at various intervals. 
Unwinding of the involved loops of bowel was spontaneous until the last 
attack. In view of several such abdominal catastrophes, with impending to 
full-blown intestinal obstruction, in the absence of visible herniae, a per- 
sistent omphalomesenteric vessel must be considered in addition to the other 
causal factors. 

At autopsy, even though no gross communication of the persistent artery 
with other vessels could be found, there is no doubt that such a connection 
had existed, since red blood cells were present microscopically in the lumen 
of the vessel. It is evident that during embryonic development it was the 
right limb of the artery that persisted, since the vascular remnant imbedded 
itself in the mesentery of the ileum to the right of the intestine. 


SUMMARY 


A case of intestinal obstruction due to a persistent omphalomesenteric 
artery is presented, together with a review of the embryology of the umbilical 
region. Obstruction is the most frequent complication of this anomaly, 
intra-abdominal hemorrhage being much more rare. 
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